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PREFACE 


The Hughes Aircraft Company Pioneer Venus final report is based on 
study task reports prepared during performance of the ’’System Design Study 
of the Pioneer Spacecraft. These task reports were forwarded to Ames 
Research Centex* as they were completed during the nine months study phase. 
The significant results from these task reports, along with study results 
developed after task report publication dates, are reviewed in this final 
report to provide complete study documentation. Wherever appropriate, the 
task reports are cited by referencing a task number and Hughes report refer- 
ence number. The task reports can be made available to the reader specific- 
ally interested in the details omitted in the final report for the sake of brevity. 

This Pioneer Venus Study final report describes the following baseline 
configurations: 

® "^^oJ^/Oslta Spacecraft Baseline” is the baseline presented at 
the midterm review on 26 February 197 3. 

• "Atlas/Centaur Spacecraft Baseline” is the baseline resulting 
from studies conducted since the midterm, but prior to receipt 
of the NASA execution phase RFI-*, and subsequent to decisions 
to launch both the multiprobe and orbiter missions in 1978 and 
use the Atlas/Centaur launch vehicle. 

• xs/Centaur Spacecraft Midterm Baseline” is the baseline 
presented at the 26 February 1973 review and is only used in the 
launch vehicle utilization trade study. 

The use of the International System of Units (SI) followed by other 
units in parentheses implies that the principal measurements or calculations 
were made in units other than SI. The use of SI units alone implies that the 
principal measurements or calculations were made in SI units. All conver- 
sion factors were obtained or derived from NASA SP-7012 (1969). 

The Hughes Aircraft Company final report consists of the following 
documents: ® 

Volume 1- Executive. Summary - provides a summary of the major 

issues and decisions reached during the course of the study. A brief 

description of the Pioneer Venus Atlas/Centaux* baseline spacecraft 

and probes is also presented. 


iii 


preceding page 


not filmed 


Volume 2 -» Science - reviews science requirements, documents the 
science *-peculiar trade studies and describes the Hughes approach 
for science implementation. 

Volume 3 - Systems Analysis - documents the mission, systems, 
operations, ground systems, and reiiability analysis conducted on 
the Thor/Delta baseline design. 

Volume 4 - Probe Bus and Orbiter Spacecraft Vehicle Studies - 
presents the configuration, structure, thermal control and cabling 
studies for the probe bus and orbiter. Thor/Delta and Atlas/Centaur 
baseline descriptions are also presented. 

Volume 5 - Probe Vehicle Studies - presents configuration, 
aerodynamic and structure studies for the large and small probes 
pressure vessel modules and deceleration modules. Pressure 
vessel module thermal control and science integration are discussed. 
Deceleration module heat shield, parachute and separation/despin 

P^^®®®nted. Thor/Delta and Atlas/Centaur baseline descriptions 
are provided. 

Volume 6 - Power Subsystem Studies 

Volume 7 - CornmU ’ ^ication Subsystem Studies 

Volume 8 - Command/Pata Handling Subsystems Studies 

Volume 9 - Altitude Control/Mechanisms Subsystem Studies 

Volume 10 - Propulsion/ Orbit Insertion Subsystem Studies 

Volumes 6 through 10 - discuss the respective subsystems for the 
probe bus, probes, and orbiter. Each volume presents the sub- 
system requirements, trade and design studies, Thor/Delta baseline 
descriptions, and Atlas/Centaur baseline descriptions. 

Volume 11 » Launc h Vehicle Utiliaation - provides the comparison 
between the Pioneer Venus spacecraft system for the two launch 
vehicles, Thor/Delta and Atlas/Centaur. Cost analysis data is 
presented also. 

Volume 12 ■ Intern ational Cooperation - documents Hughes suggested 
alternatives to implement a cooperative effort with ESRO for the 
orbiter mission. Recommendations were formulated prior to the 
deletion of international cooperation. 

Volume 1 3 - Preliminary Development Plans - provides the 
development and program management plans. 
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Volume H - Test Plannin g Trades -documents studies conducted to 
^termine the desirable testing approach for the Thor/Delta space - 
Volume^ uT* A«as/Centaur test plans are preLnted in 

Volume 15 - Hup|hes IR^ D Documentation - provides Huches 

^pendent research anrdevelfpmer^^ 
which relates to some aspects of the Pioneer Venus program Thi?/ 

readHcres^'^by th^read^^^ provided for 

ra^Hfr.;SlaV ?„d sttihT. *“/ “ 

llporU^^ customer with the most currenTrsig?wXthe®f^^^^^^^ 
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1. SUMMARY 


1.1 MAJOR ISSUES 

Commaaicatioas subsystem tradeoffs were undertaken to establish a 
low cost and low weight design consistent with the mission requirements. 
BTcaTa :£ the weTgh^t const/aiat of the Thor /DeUa launched co^ 
minimum weight was emphasized in determining the Thor/Delta design, in 
contrast because of the greatly relaxed weight constraint of the Atlas/Centaur 
launched configuration, minimum cost and off the 

sized and the attendant weight penalties accepted. Communication sobsyste 
hardware elements identified for study included probe and bus 
CM-17), power amplifiers (CM-10). and the large 

small proL stable oscillator required for ^ ' 

In addition, particular hardware problems associated with the probe high 
temperature and high-g environment were investigated (CM-7). 

Various antennas were considered for the large and small 
consistent with the basic requirement of conical coverage at ® 

the large probe and 60 ± 10 deg for the three small probes. Candidat^e 
Antennas identified included the annular slot, turnstile, discone. 
spiral equiangular spiral and loop-vee. The loop-vee 

smaU probe and the equiangular spiral for the large probe because of their 
minimum size and weight* 

Because of the diverse requirements of the probe and orbiter mission, 
different antennas *ere selected (Task CM-12) 

EX- 12), probe bus^communication during cruise required a . 

A bicone was chosen over a conical log spiral or radiator airay . ujoh 

mum weight solution that would provide the required gain. Probe bus 

data rate\ci«*nce return at entry required gain concentrated along the aft spi 

axS:. An Id dB medium gain horn waa selected over “jl 

radiator array for minimum system weight and cost. The orb .er 

ment of high gain perpendicular to the spin axis resulted in a tra e ° 

anically despun antenna (MDA) and an electronically despun antenna (EDA). 

An alternate azimuthal omnidirectional design was eliminated du< to the 
attendant inrroLe in required transmitter power. Because o devolopmeut 
status, demonstrated reliability on previous Huphes spacec-aft and flexibility 
to varvina requirements (in particular the potential addition of a dual fre- 
quency occultition requirement (Task r.M-19)), the MnA was selected. In 
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addition to the high pain devices a pair of onnmi antennas were included 
(common to the probe bus and orbiter) to provide 4 tr si* command coverage. 

A conical log sprial and slotted cone radiator was selected for low weight 
and availability. 

A comparison of solid state versus traveling wave tube amplifiers 
was undertaken. A solid state amplifier was chosen for minimum weight 
and for commonality. A basic 7W module for the Thor /Delta spacecraft and 
a 9 W module for the Atlas /Centaur spacecraft was used as a building block 
to meet the requirements of the probes, the probe bus, and the orbiter. 

The science tracking requirement of two-way doppler for the large 
probe and one-way doppler for the small probe resulted in the study of avail- 
able transponders for the large probe and stable oscillators for the small 
probe, A transponder was also required for the probe bus and orbiter but 
not as part of the science payload. For maximum commonality, the trans- 
ponder selected to meet the large probe science requirements was also 
selected for the orbiter and probe bus. The Viking lander transponder was 
selected for the large probe based on hardware availability. The added cost 
of repackaging the unit to modify its footprint on the shelf to reduce its impact 
on the large probe was accepted for the Thor/Delta design. 

Three available stable oscillators were identified as applicable to the 
small probe requirements. A Hewlett-Packard oscillator met all criteria 
except for a frequency shift experienced after exposure to simulated entry 
acceleration. An alternate Applied Physics Laboratory design was lighter, 
smaller, and much less sensitive to shock, but exhibited inadequate short 
term stability. The third design, by Frequency Electronics, Inc., demon- 
strated the required stability of one part in 10^ when tested in the probe 
acceleration and temperature environment. It was potentially the most 
stable design and by far required the lowest power. 

A trade of mechanical switching versus ferrite or diode switching 
resulted in selection of mechanical switching based on low insertion loss and 
high isolation. A diplexer was chosen consisting of a circulate and separate 
filters as opposed to an integrated design because of higher acnievable isola- 
tion and easier packaging in the probes. The exciter output isolator was 
eliminated in the small probes for magnetic cleanliness. This resulted in a 
need to turn off the small probe transmitter during entry to avoid damaging 
reflections from the plasma sheath. 

High temperature performance was considered for critical elements 
of the probe communication subsystem. In particular, it was shown that the 
transponder would have an acceptable noise figure at temperatures up to 70^0 
and that the filters could function up te 77‘*C. High-g performance was 
similarly considered. Point-to-point and printed circuit construction similar 
to those used in the power amplifier and transponder were shown to survive 
the ’ligh-g levels associated with entry, A permanent frequency shift was 
exhibited in the Hewlett-Packard oscillator requiring further study. The 
large probe transponder and small probe exciter demonstrated adequate per- 
formance when exposed to shock acceleration levels well above the 700 g 
qualification requirement. 
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Selection of the Atlas/Centaur launch vehicle has dire< tlv 

Vlkw"ir'T‘"f‘‘’'’ ■<«««■'. prJncipally in the rlmUt 

without modification. However, updates of the 
St n se.t and science payload that were considered for the Thor/Delta 
have resulted in many additional changes in the final MlL / Centaur bfseli^^ 

aHow^H fh'' elimination of the small probe magnetometer has 

aUoNved the inclusion of an output isolator. The increased largrprobe com 

different small probe communication anglL hive 
Til ^ selection of an omnihemispherical antenna for all the probes 

Ihe omni reduces the sensitivity of the communication link to probe attitude*’ 

.mi;* " common ant. „L de.iTf;/ 

t pt*obes* The selection of dusil freoueucv occiiltatinn fn-r 

noaunal or biter payload has resulted in the additioTora^^ 
and horn and a dual channel rotary joint to the MDA Th^» ^ 

avauabu for the fixed probe bus b’ic'rne aminnaTat'l Jhi aXttiro/a 
larger bicone array to take advantage of the attendance increase in gain. 

A trade studies summary is presented in Table 1-1. 


1 . 2 BASELINE DESIGN 

1 eu communication system consists of the radio frequencv subsvstpm 

and the antenna aubay.tem. For the Thor/Delta config^ritX thoie sub- 
an^n^f <iesigned for the lowest possible cost within the system weight 

and performance constrair-ts. In particular, the greatest possible design® 
commonality and selection of developed hardware was emphasized wherever 

Centaur'^sultM^iiTdeit weight constraint of the Atlas/ 

^entaur resulted in design changes to achieve greater commonality and 

increased use of developed hardware. Changes in the science pavload and the 

mission requirements that were not incorporated in the Thor/Delta baseline 

tiJlri^Hrff Atlas/Centaur baseline account for addi- 

tional differences between the two configurations* 

7 w « T^or/Delta probe bus radio frequency subsystem consists of two 

e- citers and thecas redundant preamplifiers/ receivers and 
Cssciters, and the associated r£ switches, transmit filters, and diplexers 

Three rf power operating modes are incorporated in the power amplifier’ 
and summing hybrid design. Ten rf W output power can he dluvL red through 
the bicone, medium gain horn, or widebeam omni. Five or one W can be ® 
delivered through any antenna from either power amplifier* Redundant low 

and the Viking transponder are connected through the 
diplexer to either omni for the receive function. n^ougn me 

The Thor/Delta orbiter rf subsystem is identical to that of the orobe 
changes in the switching arrangement necessary to accommo- 
date the different antenna complement. In particular, the orMter harc^^W 
three antenna instead of four. Ten, five and one rf W output power an 

antenna or widebeam omni and, as in the probe 
bis, the narrowbeam (spinning) omni can transmit only the 5 and 1 W modes. 
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TABLE 1-1 


TRADE STUDIES SUMMARY 



^ — 




Thor/Oelta 

Haaetlne 

Configuration 

Alternstivea 

Raikmale For Selection 


Prub« irtt«nnii« 

Probi buft £ruii« anUniu 

Proba but tnity antanna 

Orbit* r high gain antenna 

Spacecraft omni directiouai 
antennae 

Power amplifier 
Tran.iponder 

Stable oacilUtora 

RF twitching 
Diplexer 

Loop ve (email probe 
Equiangular apiral 
(targe probe) 

Ricone 

Modiunt gain horn 

Mechanically Heapnn 

Conical log aptral 
alotted cone radiator 

Solid atate 

Viking lunder 
transponder 

F reqneni y 
Electronic a Inc. 

Mer'iariic at 

Circ nlator/ 

Separate filtei a 

Annular alot, 
turnatUe, diacone, 
Archimedean apiral 

Conical log apiral. 
ridtator array 

Cndfire radiator, 
radiator array 

Electronically dcRpun. 
asimuthal omni 

Planar opiial 
Curved turnatile 

TWT 

Phil ro ForfI 
Moto rola 

(General D>n.imirs 
TRW 

AEG- Telefunkrn 

Hewlett Pac kard 
Applied Physics L«h 

Ferrite diode 

Integrated design 

Gain, coverage, 

Minimitto alee and weight 
(hennapherlcal coverage, 
curved turnatile aelected 
for Attaa/Centaur Urge 
and email probte.^ 

Scaled fron) exlating hard* 
wa re 

Minimum complexity 
(alack of iwo biconea aelected 
for Atlae/Cciiteur design) 

Scaled from exiating hard- 
w-are 

Minimum weight and cost 
Minlmimi interference 
(shadowing) 

Flight experience 
Mature technology 
Growth potential 
Radio occultation accommo- 
dation 

Gain, coverage. 

Low weight 
Availability of design 

Suitable for probe etttry 
envl rorm\enl 
C;oninuj''.rtlity (modular 
approach) 

Mininium weight 

Suitable for probe entry 
er.\ iro iment, 
low cost, weight, aire 
Commonality, 

Availability 

Rest atability 

Least power required 

Leasl sensitive to shock 

Lowest insertion loss, 
highest isolation 

Highest iaolation 
Easier prnbe packaging 



Atlaa/C* (itaur only 



latue 

mm 


Hationsle For .Selection 


Onal frequency 
Qccultation experiment 

ne«pon, aoparaie 
X band horn, i W 
X band transmitter 
No < h6oge to .S band 
< omnmnicatiofM 

Oiiu baled MDA 
reflector with dual 
frequency feed 
MDA with dual 
frequency feed 
Moved by precesaing 
sj.acet raft 

Lowest cost and weight 
Highest retiabtHty 
Best operaliitlty 



uf f «“baystem is a nonredundant, single 

antenna 10 W mode only version of the bus subsystem. All hardware parts 
are identical to those used in the probe bus and orbiter except for deletion of 
the internal regulator in the power amplifier. 

The Thor/Delta small probe rf subsystem is similar but simplified. 
Only one power amplifier is included, identical to the module used in the 

receiver of the Viking transponder is deleted. The exciter 
18 the same except for deletion of the auxiliary oscillator. Isolators are not 
included due to magnetic cleanliness requirements. A stable oscillator 
esigned for one part in 10° stability is provided for one-way doppler. 

u- i. j probe bus antenna subsystem consists of a medium gain horn for 

high data rate science transmission at entry, a biconic horn for cruise data 
transmission, and an omnidirectional conical log spiral/slotted cone combina- 
tion to provide 4ir sr command coverage and transmission during maneuvers 
or probe targeting. The orbiter antenna subsystem consists of the same omni 
pair, but employs a mechanically despun high gain antenna for transmission 
uring cruise or orbital operation. The high gain antenn-. is a focal point fed 
reflector based on Intelsat IV flight hardware. The large probe antenna sub- 
system consists of a planar four-arm equiangular spiral to provide conical 
coverage peaked at 45 deg from the spin axis. The small probe antenna sub- 
bO^deg' ^ loop-vee radiator to provide similar coverage peaked at 


The Atla.VCentaur probe bus rf subsystem configuration is essentially 
the same as the Thor/Delta configuration; the main differences are power 
amplifiers with higher output levels (9 instead of 7 W), and the elimination of 
separate rf preamplification ahead of the receiver. The diplexer is simpli- 
fie^d to only a circulator, since filtering is provided within the Viking receiver. 
The power amplifier 1 W mode is eliminated. 


These changes are also incorporated into the Atlas/Centaur orbiter rf 
sub.system. In addition, the switching arrangement of the despun portion of 
the subsystem is changed from the Thor/Delta configuration to provide recep- 
txon as well as transmission through the high gain antenna. Additional changes 
reflect the inclusion of the X-band occultation experiment. These include an 
X-band rWTA transmitter, a dual channel (S and X-band) rotary just and an 
X-band horn mounted so as to be boresight coincident with the S-band communi- 
cations MDA. An increase from two to four power amplifier modules results 
froni incr^sed losses due to longer rf lines and increased data rate require- 
ments. RF switching is slightly different to account for the increased number 
of power amplifiers. 


Atlas /Centaur large probe rf subsystem is substantially revised. 
As in the case of the spacecraft subsystem, the power amplifiei output level 
has been increased and the preamplifier deleted. Three power amplifiers 
are included instead of two. Corresponding switching and filtering changes 
are incorporated. 


1-5 


The Atiaa/Centaur small probe rf subsystem differs from the Thor/ 
Delta conf igurati on only in the use of a larger (9 W) power amplifier. 

The Atlas/ Centaur probe bus antenna subsystem differs from the Thox/ 
Delta probe bus subsystem only m the revised bicone design. In particular^ 
a double bicone stack is ernployctd to increase the gain. This increase in size 
is directly due to the relax«-d weight constraint and the increased shroud 
volume provided in the Atlas/Centaur. This antenna does not need wO be 
deployed after launch as in the Thor/Delta case. The Atlas/Centaur crbiter 
antenna subsystem differs from the Thor/Delta orbiter subsystem in the dual 
frequency feed and gimbal required for X-band occultation, and in provided 
reception, as well as transmission with the high gain transmitter. Probe 
antennas have been redesigned to provide esaenttally hemispherical coverage 
with >0 dBi gain over the earthward hemisphere. This allows flexibility in 
probe targeting and relaxes communications restraints on probe spin axis 
alignment with the local vertical. The curved turnstile is selected for both 
probes for commonality and resulting lower development costs. 

An Atlas/Centaur baseline subsystem hardware summary is given in. 
Table 1-2. 


TABLE 1-2. ATLAS/CENTAUR DESIGN 
SUBSYSTEM HARDWARE SUMMARY 


Unit 

Characteristics 

Selection Criteria 

Hardware Source 

Probe antefinas 

Hemispheric coverage 
curved turnstile 
0.23 kg (0.5 lb) 

Commonality, insensitive 
to probe spin axis 
allignment 

New 

Orbiter high 
gain antenna 

Mechanically despun 
palabolic reflector 
1.54 kg (3.4 lb) 

Developed, allows adding 
separate despun X band 
horn 

Intelsat IV 

Probe bus cruise 
antenna 

Dual bicone 
3,45 kg (7.6 lb) 

Minimum complexity 
scaled from existing 
hardware 

’'••Data systems 

Probe bus entry 
antenna 

Medium gain horn 
0.91 kg (2.0 lb) 

Minimum weight and 
cost, minimum interfer- 
ence, scaled from 
existing ha:*dware 

Intelsat IV 
(modified frequency 
beamwidth) 

Omni antennas 

Conical log/ spiral 
slotted cone radiator 
0. 18 kg (0.4 lb), 

0.27 kg (0.6 lb) 

Low weight, availability 

’J'HS- 350/ surveyor 

Rotary joint 
(orbiter) 

Dual channel 
concentric coaxial 
line 

0.78 kg (1.7 lb) 

Developed technology 

Telesat (derived) 

Transponder 

2.0 kg (4.4 lb) 

Suitable for probe 
entry environment 
Commonality 
Avalability 

Viking lander 

Exciter (small 
probe) 

0.64 kg (1.4 lb) 

Suitable for probe 
entry environment 
Availability 

Part of viking lander 
transponder 

Switc he 8 

Mechanical 

Lowest insertion loss 
Highes isolation 

Pioneer, Helios 

Power amplifier 

Solid state 
0.86 kg (1.9 lb) 

Suitable for probe 
entry environment 
Commonality 
Availability 

»:^HS-350 

Bandpass filter 

0.45 kg (1.04 lb) 

Highest isolation 
and easiest probe 
packaging 

ATS E 

(modified frequency 
and bandwidth) 

Circulator 

0. U kg (0.25 lb) 

Highest isolation 
and easiest probe 
packaging 

’^HS-350 

Stable oscillator 

0.34 kg (0.75 lb) 

Best stability 

Least power 

Least sensitive to shock 

Frequency 
Electronics, Inc 
Nev; design 

X band horn 

25.4 cm (10 in. ) 
0. 32 kg (0.7 lb) 

Meets occuUation 
requirement 
Minimum cost 

Intelsat IV 

X band trans- 
mitter 

3 W Ti 

3.67 kg (8.1 lb) 

Meets occultation 
requirement 
Mimmu.-*,! cost 



'^Hughes <;la*8ifif>cl progt.^ms 
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2. INTRODUCTION 


This volume discusses the communication subsystem hardware 
tradeoffs and the resulting Thor/Delta baseline design. It also summarizes 
the final Atlas/Centaur baseline design. Information is derived from Hughes 
contract study tasks and from related internal reports. 

The subsystem requirements derived for the Thor/Delta baseline 
design are described in section 3. These are divided into the mission require 
mentS) the requirements dictated by system considerations^ and those dic- 
tated by subsystem considerations. 

System tradeoffs are discussed in Volume 3 of this report. The Thor/ 
Delta design subsystem tradeoffs performed are presented in section 4. 

Large and small probe antenna designs are discussed in subsection 4 1 in 
response to Statement of Work 2. 2. 4-(6) as performed in Study Task CM-6. 
Several antenna designs are identified which meet the basic requirement of a 
coni^cal antenna pattern. The equiangular spiral is selected for the large 
probe and the loop-vee for the small probe Thor /Delta designs. 

Probe bus and orbiter antennas are discussed in subsections 4. 2 and 
using data from study task CK4-18. For both the orbiter and the probe 
bus a conical log spiral and slotted cone radiator combination is selected to 
provide the required 4ir sr command coverage. For the probe bus a bicone 
antenna is selected for communication during cruise and a medium gain horn 
selected for communication at bus entry. A mechanically despun antenna 
(MDA) is selected over an electronically despun antenna (EDA) to provide high 
gain normal to the spin axis for the orbiter. 

Based on study task CM- 10, a trade of solid state versus traveling 
wave tube amplifiers is oresented in subsection 4.4. A 7 W solid state 
module is selected for use in the Thor/Delta design in multiple configura- 
tions to satisfy the requirements of all vehicles. 

The large probe transponder and small probe stable oscillator are 
discussed in subsections 4. 5 and 4. 6, Although part of the probe science 
payload, they are presented here as an integral part of the communication 
subsystem. The Viking lander transponder is selected as the most advanced 
space qualified design able to meet the large probe requirements. The same 
transponder is then selected for the probe bus and orbiter to provide low cost 
c finality between the vehicles. Available stable oscillators are compared 
with respect to low weight, low volume, low power, and frequency stability 
under simulated probe entry and descent environments. 
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Passive elements of the design are discussed in subsection 4. 7. In 
Ef switches are selected over ferrite or diode switches 

losses and high isolation. Also, a flexible diplexer 
design IS selected based on incorporating a circulator and separate receiver 
and transmitter filters for packaging versitility. 


Results of high temperature and high-g tests from Study Task CM-7 

subsection 4. 8. Adequate temperature and acceleration pe: 
tormance is demonstrated. ^ 


. , Thor /Delta baseline resulting from the study task trades is pre- 
sented in section 5. The Atlas /Centaur baseline design is presented in 
section 6. The principal difference due to the added weight capability and 
low cost emphasis is in the selection of an unmodified Viking lander trans- 
^ solid state module. Science payload changes and mission 
redefinition not included in the Thor /Delta study account for many additional 
changes in the baseline Atlas /Centaur design. The previous Atlas /Centaur 
spacecraft design derived in parallel with and using the same mission defini- 
tion as the Thor/Delta spacecraft (done as part of the launch vehicle utiliza- 
tion study) IS given m Volume 11 of this report. 
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3. SUBSYSTEM REQUIREMENTS 


The dusign of the telecommunications subsystems must satisfv th<» 
misMon scientmc and engineering data return and'interpla"etary 
objectives. Scientific data return consists of both telemetering data from th*a 
on-board acientific inatruments and providing for radfo acienci and araWti 

,“««« the telecommunicationa aubayatemsTr«^^ 

to thia aection, the general miaaion requir.menta are uaed to gene!?l?e aoa^e-’ 
craft telecommunications system requirements which, in turn.^lead to ^ 
requirements for both the antenna and radio frequenc^ subsystems 

3. 1 MISSION REQUIREMENTS 

Mission requirements fall into two main categories. The "ohvsiral'* 

'•'« obvioua telecommunicatfina power ^enSfre- 

ments and the spacecraft environments. The mission requirements related 
to the low cost and spacecraft operability objectives inflXce Tubsys^fm 
fhe requiring maximum commonality between subLstems 

! k hardware to the fullest extent possible, maximum com!’ 

patibility with the deep space network (DSN) as configured for the 1975-1980 

iTt- techniques which lead to good operabUity This 

section addresses mainly the impact of the "physical-* miss^orobjectWes In 
the remainder of this section the low cost and operability objectWes 

Bt„H explicitly; however, they are determining factors in the trade 

study and baseline design sections that follow. 

The telecommunications coverage required for the various mission 
phases is summarized in Table 3-1. vanous mission 


3. 2 SYSTEM REQUIREMENTS 

This subsection documents the basic Thor/Delta d^jsien communication 
to the”Atlll7crT"^®i ‘o requirements caused by changing 

rule, fol 
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TABLE 3-1. MISSION TELECOMMUNICATIONS 
COVERAGE requirements 


Mission Phase 


Launch 


Near-earth 


Early (large) midcourse 
xnane avers 

Cruise 


Later (small) midcourse 
maneuvers 

Probe checkout (prior to 
probe release) 

Probe release 


Probe operation 


Probe bus entry 
Orbit insertion 
Orbital operations 
RE occultations 


Coverage Requi r ements 


gLmetrtes “ *P«cecraft/earth 

and command through 

Doppler track^nsTand^”^ telemetry, two-way 
cruise L nit r ”® ^ command in nominal 

attitude ^ perpendicular to eclipse) 

cr"u®^e®lm?ud'e^®"'*‘*’^ command in nominal 

Engineering telemetry, probe data. ^ 
mand in nominal cruise attitude * 

fAeiVaXSi'"’*'’''' i» Prob. 

argeting and probe attitude dispersions 

Bus science data and two-way Doppler track- 
ing m bus entry attitude (earth-line and »«• 
axis essentially coincid,nt) 

fn«r“or«l(‘udT’lM’' f"* *" 

urlor to and alter ' 

DopXr t™-SL”r;‘’'* •'‘'“'"r. two-way 
orou, attUo'd. * *>> nominal 

i?iw''.^o“i““?"„'ter„^’"'"*,*‘" '“hnnootl 

:ndt^ri‘tic"rattr"’K^^^ 
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• Tull mission spacecraft command capability in any attitude 

• Near-earth telemetry coverage in any attitude (launch, 
near-earth, early TCMs) 

• Full mission coverage in nominal cruise attitude 

• Coverage for unique scheduled situations (probe release, probe 
bus entry, orbit insertion) 

Additional ground rules arising from mission requirements, the low cost 
objective and design decisions include the following: 

• Compatible with DSN configuration specified for the 1975-1980 
period 

• Maximum use of the 26 m net. The 64 m net used only for 
mission critical events. 

• Utilize S-band for all telecommunications. Limit X-band to 
radio science applications. 

• Maximum commonality between the telecommunications 
subsystems on each of the vehicles 

Good spacecraft operability considerations include: 

• Separate transmit and receive functions as much as possible 

• Provide circular polarization for all links for operational 
simplicity 

• Size beamwidths for minimum operational impact 

Ihe design philosophy arising from these ground rules is to provide 
spherical command capability throughout the multiprobe and orbiter missions 
by the use of two switched omni antennas which together give greater than 
-b dBi gain over the sphere. Given the existence of the omni antennas for 
the receive function, they can be efficiently utilized for the transmit function 
Jinng times of nonstandard spacecraft attitude such as the launch phase and 
TCMs. The transmit function during standard or predictable spacecraft 
attitudes (cruise, bus entry, and probe and orbital operations) is provided by 
antennas selected especially for these purposes. The selec tion of these 
antennas is discussed in the trade study section of this volume. Antenna 
coverage requirements are summarized in Table 3-2. Line drawings of the 
probe bus and orbiter showing the location of the antennas selected to meet 
these systems coverage requirements are shown as Figures 3-1 and 3-2. 




ANTENNA REQUIREMENTS SUMMARY 


« « g 

“ 6 . si 

5 2 : 2 *" 

•*-» hh £ 0 ^ 

”»iw “.2 

«o o w» X 

■s ^ e 

2 iT-- ® ‘g 

s.3a'“S' 

s .S X S • 

C u 

6 §SH 2 

CO C (U M CL 


V IT) 

J 3 ^ +J 

2^-2 

a 

0 ) CJ ^ 

•3 o (5 

H a> 


Sa . 

•I “-3 

CU o M 
W ^ U 


0 ) 

"3 oo-d ■S 

1 5 »|.g 

2* o» ^* a "* 

H )5 .rt Cr r! ^ 

» 5 ^ 4) .S 6 
j 2 M m 0 

W ^ 10 0 ) w 

u •- > .2 

to • <3 Q cu 0 ^ 

■2 &”s a 3 

n» -5 " fci ^ M 
- u .2 . 5 S 

•S « 3 5 ^ ‘C 

. 2 * O ^ 3 

CO 4J u *0 b] 1} 


3 .S s 


.9 •? a s 


E 


3 w 

•IM 

a 

0 

Vh 

to 

r: 

•2 3 

ro *« 

to 

W) 

(U 

TJ 

s 

p 

•m 

c Ci 
o .i:: 
a a 

h to 

S 

g to 

in 

a. 




to 

Oi 5 

c ^ 


'2 "* « fl 

*“ fl 'g s 
<U -S "P 3 
ft. CL .2 C 

(L O ?'H 

H 4 4 .i > ^ 


(U 

0) 







0 

0 

to 


M 

h 

3 


a 

a 

,P 



o> 

(U 

h 

Q) 

13 

00 



S 


0 

• M 

cn 

r 4 

Oi 

o 


tjo i 5 

0*0 § .2 

■3 ^ rt 2 
fl» — T> O c 

.y ? ^ « 3 

§ -s O ^ S 

o CL.^ fl» O 

U CO « ^ u 


In the launch, near-earth, and midcourse phases, ♦’he requirement 
was telemetry coverage at modest bit rates for spacecraft control and moni- 
toring. During the cruise phase, emphasis was on providing telemetry 
coverage for science and engineering without altering the spacecraft attitude. 
The probe bus had special requirements relating to bus attitude during probe 
release and science return during bus planetary entry. The orbiter had to 
support high science return data rates during orbit operations. No communi- 
cations requirement exish d for orbit insertion since this occurs in earth 
occultation. However, communications had to be maintained before and after 
occultation for spacecraft operations. 

The sizing of the telemetry links followed directly from the science 
complement and associated experiment data return requirements given for 
this systems design study. The probe data rates resulted from the descent 
optimization trades discussed in Volume 3 of this report wherein descent 
speed (and thus data rate) was varied to achieve weight and/or cost minimiza- 
tion. The orbiter link was sized by the requirement to telemeter science data 
at maximum Earth-Venus range (end of mission). In this case the raw data 
return requirement was further modified by the addition of spacecraft data 
storage so that the required data transmission could be averaged over a signi- 
ficant portion of the orbital period to prevent designing to a peak rate of small 
duration (periapsis pass). The probe bus link was sized by science data 
return requirements during probe bus entry and by the requirements for 
spacecraft status data over omnidirectional antennas during the probe release 
sequence when the spacecraft is not in its standard altitude. 

The command links utilized the standard DSN PCM/PSK/PM modulation. 
The telemetry links were also PCM/PSK/PM and compatible with the DSN 
multimission telemetry system. Convolutional encoding was used on the down- 
links to improve link performance with minimum cost and hardware impact. 

The link performance calculations are discussed in Volume 3 of this report. 
From these calculations the system design parameters were derived. For 
the downlinks the required effective radiated power (ERP) can be allocated 
between antenna gain and transmitted power considering the spacecraft prime 
power availability and the antenna coverage requirement discussed previously. 
There is a great deal of interaction between the selected implementation and 
the allocation of these resources as will be discussed in the following 
paragraph. 

The design of communication links with existing spare hardware and 
ground station links is an iterative process. The requirements specify the 
performance, and then the available hardware and existing ground station 
capabilities are examined to sec how this performance can best be met. In 
some cases this process results in a modification of performance if the over- 
all requirements can be satisfied with a cheaper or more easily implemented 
solution. Under these circumstances, it is not possible to entirely separate 
the required performance from specific implementation schemes and the 
system requirements. This can be seen in Table 3-3, which lists the telemetry 
systems requirements derived from the considerations discussed in this 
section. 
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TABLE 3-3. SUMMARY OF DERIVED TELEMETRY SYSTEMS REQUIREMENTS 


Bus coast after 48. 7 to 70. 3 j 7 j 64 Medium gain 0 to 4 

probe release horn 





3. 3 SUBSYSTEMS REQUIREMENTS 


The telecommunications subsystems requirements resulting from the 
mission f nd systems requirements discussed above and from other systems 
and subsystems trades are listed on Tables 3-4 through 3-7. These require- 
ments are the basis for the subsystems designs discussed in sections 5 and 6 
of this volume. 

TABLE 3-4. ORBITER COMMUNICATION SUBSYSTEMS 

REQUIREMENTS 


Antenna Subsystem 

• Two switched omnidirectional antennas 

Right hand circular polarization 

> -6 dBi gain over sphere 

Transmit 2295 MHz, receive 2115 MHz 

• Mechanically despun high gain parabolic dish antenna (MDA) 
pointed normal to spin axis 

Right hand circular polarization 
Despin azimuth pointing control 

> 23. 5 dBi peak gain 
1 1 deg beamwidth 
Transmit only, 2295 MHz 

RF Subsystem 

e DSN compatible 

e PCM/PSK/PM uplinks and downlinks 

• Three selected levels of power delivered to MDA: 

38. 9/36. 0/30. 0 dBm 

• Three selectable levels of power delivered to despun omni: 

38. 7/35. 8/29. 5 dBm 

• Two selectable levels of power delivered to spinning omni: 

36. 8/30. 8 

e Low noise preamplifier (noise figure - 3, 5 dB) 

• System noise temperature 600®K 

• Two 7/1.75 W dual mode solid state power amplifiers 

• Phase lock receivers 

• Redundant exciters 

• Two-way doppler tracking, receiver/exciter combination used as 
transponder, 240/221 turnaround ratio 

• One-way doppler tracking with no uplink (auxiliary oscillator) 



TABLE 3-5. PROBE BUS COMMUNICATION SUBSYSTEM 

REQUIREMENTS 


Antenna Subsystem 


• Two switched omnidirectional antennas 

Right hand circular polarization 

> -6 dBi gain over sphere 

Transmit 2295 MHz, receive 2115 MHz 

• Bicone antenna 

Right hand circular polarization 

> 3 dBi gain over spin plane 
30 deg beamwidth 
Transmit only, 2295 MHz 

• Medium gain horn 

Right hand circular polarization 

>18 dBi peak gain along aft spin axis, 20 deg beamwidth 
Transmit only, 2295 MHz 

RF Subsystem 

• DSN compatible 

• PCM/PSK/PM uplinks and downlinks 

• Three-selectable levels of power delivered to bicone: 

39. 7/36. 8/30. 8 dBm 

• Three selectable levels of power delivered to medium gain horn: 
40.0/37. 1/31. 1 dBm 

• Three selectable levels of power delivered to widebeam omni: 

39. 5/36. 6/30. 6 dBm 

• Two selectable levels of j ower delivered to narrowbeam omni: 

36. 8/30. 8 dBm 

• Low noise preamplifier, (noise figure = 3. 5 dB) 

• System noise temperature - 600®K 

• Two 7/1.75W dual mode solid state power amplifiers 

• Phase lock receivers 

• Redundant exciters 

• Two-way doppler tracking, receiver/exciter combination used as 
transponder, 240/221 turnaround ratxo 

• One-way doppler tracking with no uplink (auxiliary oscillator) 



TABLE 3.6. LARGE PROBE COMMUNICATION SUBSYSTEMS 

requirements 

Antenna Subsystem — 

• Equiangular spiral antenna 

Right hand circular polarization 
Conical pattern 

? 3*0 ‘P‘“ »*i< 

30 from peak 

40 deg beamwidth 

Transmit 2295 MHz, receive 2115 MHz 
RJ' Subsystem 

• DSN compatible 

. PCM/PSK/PM downlink, carrier only uplink 

• Power delivered to antenna >40.4 dBm 

Low noise preamplifier (noise figure = 3, 5 dB) 

• System noise temperature ~ 600°K 

• Two 7 W solid state power amplifiers 

• Phase lock receiver 

a transponde^r, 240/22^ turnlTound ^ combination used as 

• uplink (auxiliary oscillator) 
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TABLE 3-7. SMALL PROBE COMMUNICATION 
or t TIC vo'T'r’TiXt; lit PriTTTR ir MEN'.' S 


Antenna Subsystem 

• Loop-vet: antenna 

Right hand circular polarization 
Conical pattern 

Peak gain 60 deg from spin axis 
> 2.4 dBi i. 10 deg from peak 
40 deg beannvidth 
Transmit only, 2295 MHz 

RF Subsystem 

• DSN compatible 

• PCM/PSK/PM downlink 

• Power delivered to antenna > 38. 3 dBm 

• One 7 W solid state power amplifier 

• One-way doppler tracking (stable oscillator) 
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4. TRADE STUDIES 


eraturc environment (-700<>C at the antenna) experleLed^bVthrprobee 

i:{estt:aTo ^ree^^^nv^ttra^^^ 

patterns for preliminary antenna designs applicable to the^larce and sm^ii 
probes Probe thermal desig'n tradeoff, also required taowledae of W 
fhTf degrade with increa.rnVterperfture so 

trVThereTore made S' temperatLe. ' MUsnrement. 

f ^ ’a ^ performance of an S-band power amplifier at 

with temperature of existing^DSN 

compatible transponders was also investigated. ^ 

;.echan°Si!; Setufh^£tl'tn'teS^^ 

selection of preferred components meeting the communi 
cr “"'.'“d 'r7v T' ha» made on the basis of several ' 

cost They Iref mission requirement of low 


1) Low technical risk, known design 

2) Off-the-shelf availability 

3) Commonality between probe bus, orbiter. large probe 

and small probe ® prooe, 

volume (particularly for the Thor/ Delta 

*5) High reliability 
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TABLE 4-1. ANTENNA SUBSYSTEM TRADE STUDIES 


T rade Study 

Selected Approach 

Principle Reasons/ 
Experimental Results 

i 

Omni - di r ectional 
antennas for probe 
bus and orbiter 

Combination of conical 
log spiral and slotted 
cone radiator 

Gain/coverage, weight, 
availability of design 

! 

Orbiter high gain 
antenna 

Mechanically despun 
antenna-parabolic 
reflector with focal 
point feed 

Proven space hardware 
design, low weight, and 
complexity 

] 

I 

Probe bus medium 
gain antenna 

Conical horn 

Rugged, simple, design 
scaled from existing hard- 
ware, easily mountable 

1 

Probe bus azi- 
muthal omnidi- 
rectional antenna 

Bicone 

Scaled from existing hard- 
meets gain require- 
ments with minimum 
complexity 

i 

Probe antennas 

Equiangular spiral for 
large probe, and loop- 
vee for small probe 

Equiangular spiral chosen 
for gain/coverage. Loop- 
vee because of its small 
size. Former satisfies all 
requirements but loop-vee 
had low gain because of 
small, curved ground plane 
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trade studL'r «“>■«» the various 

iraae studies. Although the studies were originally performed to be 

directly appl cable to the Thor/Delta spacecraft design w^grelt emphasis 

on weight reduction, most of the results are also applicable to the Atla^/ 

Thor/Delta baselinfdesign! di^ectlv 

Atlas/re of these studies. Section 6, which represents the 

H baseline, modifies some of the conclusions reached herein 

W J^elaxed weight constraint v;hich allows increased emphases on 

low cost approaches. Also, coincident with the change of launch vehicle 

Ste^'red mission set and baseline science complement which 

altered the subsystems requirements somewhat. wnicn 


4. 1 PROBE ANTENNAS 


Siref aL .he 


the an,.i:S.Te;'e"dS?r?:Me'r^‘%?”!” 

constraints l^it the number of candidates worthy of consideSitiorTtcTfu^ a 

the^ \ sample, the pattern has to have uniform signal level in 

4* (spin) direction, and a conical pattern with a null at 6 e 0 in the 6 
(elevation) plane. Main lobe radiation patterne of some of toe morl intere.t 
ing candidate antennas are compared in Figure 4 1 ^ i " 

mode helix radiator is included'ior compa?too„ show thr?.""iv^ 
raSfat?„®^'".f"‘' «^U-dK as a function of coveragrangl7 T^e 

e« tore candidate antennas were obtained from the iii. 

erature. These data were used as an indication of the approximate and 
relative performance achievable with the candidate antennas 


best meet^ selected as a model antenna because it 

best meets the overall design goals listed in Table 4-3. Two imoortant 

advantages of the equiangular spiral antenna are that it is smaller than 
.he annular slot antenna and it easily provides the needed bcamwidth 


probe 2l:aireTrs^ sm'an"^ Tb a possible antenna for the small 

ff 4 o because it is small. The peak gam is not so high as some others but 
It IS nearly constant over a wide angle. otners. but 


K -u Experimental models of these antennas, shown in Fivure 4 ? u#av.x 
in to/f ■•'‘J"'- '*«<“>• of the ioop.voe a„,eV4 x! d ito «to 

f r tL Sr •'’“r'’ informx.ton f, glT„ 

{ V the equiangular spiral in .Figure 4^4. .Figure 4^5 illusi;rates thf 

symmetry of the antenna gain with spin angle Tvnical ra/i- *■ 

patterns are shown in Figures 4-6 and 4-7^ Further informTn^ • 

rir found in^iiuTh:: 
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table 4-2. 


radio frequency subsystem trade studies 


Tr»\de Study 


Microminiature 

transponder 

Power amplifier 


Stable oscillator 


Communication 
subsystem passive 
components' 

High temperature 
electronics 

High g electronics 


Selected Appro ach 

Viking lander trans- 
ponder (Philco-Ford) 

7 W solid state module 


Test HP 10543 oscilla- 
tor. Study alternate 
designs by APL and 
FEI 


Mechanical switches. 
Filters separate from 
diplexer 

Test power amplifier 


Test HP stable oscil- 
lator and other compo- 
nents with representative 
const ruction 


Principle Reasons/ 
Fxperimental Resu lts 

Low cost, weight and size. 
DSN compatible 

Commonality between probes 
and probe bus and orbiter 
Smaller size and weight 
than TWTA 

HP oscillator met 1:10^ 
stability except for 5:10^ 
frequency shift after high g 
test. Alternate design (FEI> 
smaller, less weight * 

Low loss, high isolation, 
probe packaging 


Power output degrades to 
5. 5 watts at 93® C 

Point to point and printed 
circuit construction success- 
fully meet greater than 500 g 


TABLE 4-3. PROBE ANTENNA DESIGN GOALS 


Item 

Large Probe 

Small Probe 

Frequency. GHa 

2.115*0.005; 2. 295 
*0. 005 

2. 295 ±0.005 

Antenna pattern 

Conical 

Conical 

Polarization 

Right-hand circular 

Right-hand circular 

Coverage angle (elevation) 

45 *1U 

60 ± 10 

deg 



Beamwidth (in 6-plane), deg 

40 

40 

Gain at center of 0-coverage 

5 

4. 5 

range, dBi 



Gain at edges of 6-coverage 

4. 1 

3. 6 

range, dBi 




TABLE 4-4. CANDIDATE PROBE ANTENNAS 


r 

Antenna 

Description 

Advantage 

Disadvantage 

X 

Annular slot 

17. 8 cm diameter, 
5. 1 cm high 

Good gain 

Approximately 
5 percent band- 
width 


Turnstile 

Up to 28 cm in 
cross section 

Performance 

documented 

Bandwidth 

limited 


Discone 

15. 3 cm diameter, 

16. 8 cm high 


Poor circular 
polarization, 
large size 


Archimedean 

spiral 

15. 3 cm diameter, 
5. 1 cm high 

Brofad bandwidth, 
good circular 
polarization 

Lower radiation 
efficience 


Equiangular 

spiral 

15. 3 cm diameter, 
5, 1 cm high 

Good gain, broad 
bandwidth, accept- 
able circular 
polarization 

Circular polari- 
zation not a.«j good 
as with archi" 
medean spiral 


Loop-vee 
1 

9 cm diameter, 
5. 1 cm high 

Small, lightweight, 

symmetrical 

patterns 

Low gain 
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FIGURE 4-3. LOOP-VEE ANTENNA EXPERIMENTAL RESULTS 
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FIGURE 4-4. EQUIANGULAR 

experimental results 
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4. 2 PROBE BUS ANTENNAS 


The subsystem must luimi three different antenna coverage require- 
ments on the probe bus. A medium gain antenna with gam directed along 
the aft spin axis is required during bus entry, an antenna 
beam about the spin axis is required during cruise, and essent^lly om 
directional coverage is required for command reception and telemetry 
while the bus is in nonstandard attitudes. 


Medium Gain Antenna Selection 

Prime candidates for the medium gain antenna are end-fire radiators 
and horns. The end-fire radiators such as the helix, yagi, and disc 
antennas must be mounted away from the spacecraft structure to ‘^void inter- 
ference. These antennas also have to be at least five wavelengths long and 
thus are structurally undesirable. An array of end-fire radiators would be 
more suitable, but the array still has the problem of mounting so as to 
avoid interference from the spacecraft structure. Since only the aperture 
of a horn must be unobstructed, this antenna can be located within the 
soacecraft structure with no interference. The horn antenna is also much 
simpler than the end-fire radiator, and the design parameters can be 
scaled from existing hardware. 


Table 4-5 summarizes the candidate medium -gain antennas. A 
single conical horn is selected as the most advantageous when all factors 
are considered. 


TABLE 4 “5. CANDIDATE MEDIUM GAIN ANTENNAS 


Antenna Type 

Advantages 

Disadvantages 

End -fire radiator 

Design available 

Mounting to avoid interference 
with structure is difficult. 
Length of antenna is structural 
problem. 

Array of radiators 

Shorter than single 
end-fire radiator 

Complex, new design, mounting 
to avoid structural interference 
is difficult. 

Conical horn 

No structural inter- 
ference problem. 
Can be scaled from 
exi.sting hardware 



4-n 



30163-21»(U) 


1 

I 





saaudas *% atiDHY 
XMLiOs QNV HiaiwHvaa aartod aivH 


4-lZ 


Toroidal Antenn a Selertion 

Candidate antennas to provide omnidirectional coverage in the spin 
plane during probe b\is transit are a bicone, conical log spiral, and an 
array of radiators. The third candidate is the most complex and expensive 
It is related to the electronically despun antenna in design concept. The 
pattern in the spin plane will have a gain ripple. The hicone and conical 
log spiral are simpler antennas and can be scaled from existing hardware. 

The bicone consists of a circular array of slots on a circular feed 
waveguide radiating into a circularly symmetric flared region. Circular 
polarization can be achieved either by using crossed slots or single slots 
at 45 deg inclination. 

The conical spiral is smaller in diameter than the bicone antenna, 
but longer. For a base diameter of 10. 6 cm, the height of the conical 
spiral IS 40 cm. To provide an azimuthal omni pattern, a four arm spiral 
has to be excited in the first order difference mode and designed with a 
fast spiral growth rate as shown in Figure 4-8. The cone angle is con- 
trolled by the spiral growth rate. If the spiral antenna had more gain 
when operated in the difference mode, it could be used as two antennas in 
one, by exciting the spiral in the sum and difference mode and using it in 
place of the bicone and the back-omni. 

Table 4-6 summarizes the advantages and disadvantages of the 
various antennas which give rise to toroidal beam patterns. The antenna 
requirement in ihe probe bus is best met with the bicone antenna since 
it is relatively low cost and its design can be scaled from existing space 
hardware. 


TABLE 4-6. CANDIDATE TOROIDAL BEAM ANTENNAS 


Type of Antenna 

Advantages and Disadvantages 

Bicone 

Scaled from existing hardware 

Conical log spiral 

Lov/ gain, long, slender, small ba.se diameter. 


scaled from existing hardware 

Multiple radiators 

Complex, heavy, costly design, ripple in 


spin plane 
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Spherical Coverage Ant<?nna Selection 


To provide spherical coverage about the spacecraft, at least two 
radiators, each giving approximately hemispherical coverage, are needed. 
Several antennas are applicable including the conical log spiral, slotted 
cone, planar spiral and curved turnstile. The first two can provide better 
than hemispherical coverage whereas the latter two provide coverage over 
only one-half to three-fourths of a hemisphere. 


K« ^ spiral (Figure 4-9) is a broadband radiator that can 

be designed for wide angle coverage. Much design information has been 
generated over the years and design costs can be reduced by using these 
ava lable data. Figure 4-10 shows the wide range of gain/coveraee 
achievable. The spiral angle, o , is related to the spiral wrap factor. A 
large spiral angle means a tightly wound spiral. The angle 6 is the spiral 
half-angle. As 6^ approaches zero, the conical log spiral be° omes a log 


The slotted cone radiator. Figure 4-11, consists of a crossed-dipole 
element radiating through a slotted cone. The feed of the crossed-dipole 
is a simple split-tube balun. Circular polarization is achieved by exciting 
the orthogonal elements of the dipole in phase quadrature and with equal ^ 
amplitude. The latter is accomplished by keeping the length-versus- 
diameter ratios of the two dipole arms equal. The proper phasing is 

^7 the length of the two dipole arms to be unequal until 

a 90 -deg phase difference exists between the impedances of the arms 

acMevIbfe^^*^*^^^"^ (Figures 4-12 and 4-13) show the wide angle coverage 

0 - spiral is the special case of the conical spiral with 

_ o The spral growth can be defined either as geometric change 

r - e or as an arithmetic change, r = C <t> . The dimension r is the radius 
the center of the spiral to a point on the spiral (j) deg from <|>=0. 

1 he other variable, C, relates to the spiral growth rate. The geometrically 

known as the equiangular spiral. The arithmetic spiral is 
filr the Archimedean spiral. Typically, coverage is over not more 

than 120 deg with either type of planar spiral. The more tightly wound 
Archimedean spiral is preferred when clean, circularly symmetric 
patterns with good axial ratio are important as they are here. However, the 
gain coverage is on the order of one to two dB lower. 

The curved turnstile radiator has its dipole arms bent down towards 

polarization broadens. To obtain acceptable circulaO 

polary.atmn, a two-line leed is energized through a 90-deg Quadrature 

hybrid. The dipole arms can be flat leaves curved down. *The modified 

Characteristics very similar tXt 
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t ® OR SPIN PLANE) PATTERN, SLOTTED 
CONE ANTENNA, 2.29B GHz ’ 
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coverage\\di^to^r^'”?o^^^^^^^ characteristics of the candidate omni- 

cain/?oveS?t Considering size, weight, design availability, and 

sirkffA/i ^ j- an antenna subassembly consisting of a 

slotted cone radiator and a conical log spiral is preferred 

mi^ hf thJ^re coverage over 220 deg, and the conical log spiral 

catle ?o the Sir®" 'n® combination L^pplU 

cao.e to the orbiter as well as the probe bus. 


4. 3 ORBITER ANTENNAS 

ommand reception and for telemetry transmission while the orhitAT»^ic • 

-r^t, and de.ign of tha high-gain antenna for the orbiter soaoe 

IcS^ns ^o“r ^ the spacecraft and communication system d?s4n feu' 
actions. For the spin axis normal to the plane of the eclintic HaM,« 

“e^^ulrer tL° - a« omnidirectional (toroidal) antenm^ttern 

Ia„ The aatter approach is very unfavorable because of the rrMirV, 

concomitant requirement of much higher trans 
mitter power to support the orbiter data rates. Therefore thif section 

n e'lectr""- 1i “a ‘=n"didate despun antenmt systems- 

n electronically despun antennas, 2) mechanically despun anmnnas 
and 3) mechanically despun reflectors. «*• pun antennas. 


TABLE 4-7. OMNIDIRECTIONAL/SPHERICAL COVERAGE ANTENNAS 


Conicstl log spiral 

Design-variable coverage, 50 to 220 deg half- 
power beamwidth. Broad frequency band of 

h^dwar"; f'-""' existing 

Slotted cone 
radiator 

Lightweight, greater than hemispherical coverage 
1 hardware available. 

Planar spiral 

Less than hemispherical coverage, low profile 
hardware can be scaled from existing hardware*. 

j Curved turnstile 

Lcs.s than hemispherical coverage, new design 
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Electronicall y Deepun Antennq, (EDA) 

the tranlmVisVembly^^tL'^lXn^^^ functional units 

_ assembly. The transmit assemblv the beam steering/ interface 

into a, power distribution and cont/ol network or”itmav®b!f^ source feeding 
tributed signal amplifiers The ^ network of dis- 

groundplane. and as^uted Thf Lf «diators, 

assembly includes such items cab Hn^ steering interface 

switching networks cabling and the power dividing and 

should J^ve lovfSpple.^conti^^^^ ^DA. the EDA 

required gain at the^pUmeHovera^ capability, the 

and low prime power requirement The ’ antenna system losses, 
electronic and control circuitry to desoL th^^^^ is the 

weight and loss can be due to the methS anH Much of the 

assembly. s.nd impk notation of the despin 


The various EDA approaches differ in the following 
1) Type of array element 


ways: 


2 ) 


Type of rf power source 


3) Type of electronic beam despinning 


basis o^riil:uon":L^^cT tJn P 0 U.Ti.^i EDA is chosen on the 

angle, weight, and size. Tabf^ 4 'fi Hsti ° half-power beamwidth 

EDA. The preferred rad Jtors are thTse ^^diators for a„ 

have a low form factor. The crossed dino^l^ • ®asily be fed by coax and 
cavity backed slot radiators are also^suSaMe 'candidate. The two 

EDA is to be integrated with the solar array /• ®®P®f^ally when the 

the space is available between the EDA applicable when 

wall of the shroud. ground plane cylinder and the inside 

“'-igns. One 

on the cylindrical array I eeco^S networks to feed the rf to a sector 
signal to only a fractio^ of the total number of“«f® ®'^ifches to feed the 
In a third approach, final distributed TamnUfierT/^^^^^ 
the array are dc controlled to vary the rf output at 

the phase variatiLn^s^ hybrid concept 

waveforms being approximated in a number of portion of the current 

between control complexity and rf rioole Th#. rf * ^ ‘^‘^deoff exists 
i. considered leas, desirable, »-ce ^.^equl^^s^rus^oi 
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TABLE 4-8. RADIATION ELEMENTS FOR AN EDA 
IN ORDER OF PREFERENCE 


Type 

Design 

Remarks 

Crossed 

dipole 


Can be integrated with solar array, but 
some shadowing on the solar array. 

Design can be based on Surveyor slotted 
cone dipoles 

Slots — 
dipole -fed 


Can be integrated with a solar array. 
Design can be derived from other 
radiators . 

Helix or 
other end- 
fire 

radiator 

o -rr- ^ 

s ^ 4|-i> :ik? 

Long, does not fit flush with groundplane, 
does require only part of area available. 

Square or 

circular 

waveguide 

tii/ cy' 

Best with a waveguide feed network, 

1 mounts flush, requires full available area 

Cavity- 

backed 

spiral 


Heavy, requires full available area, low 
gain 

Orthogonal 
slots loop 
excited 

[tJ/ 

Can be integrated with a solar array, 
mounts flush, designed hardware 
available 


implTfier^^^ ‘ available. Using distributed rf 

the radiated beam^^R^^^ amplitude control at each radiator to despin 
feL^bli ^ Recent advances m technology make this approach^ 

r. X'irid" 1^' 

representative EDA. Alternatives were also considered during the 
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FIELD OF VIEW 



ELECTFiONICALLY DESPUN antenna — LAYOUT OF THE 32 STACKS 
OF !iADIATORS, EIGHT STACKS RADIATING AT ONE TIME 


EIQII SIMGLE-POLE 

FOUR-THROW , Q 25 2 10 18 26 
SWITCHES o « o o oo o » 


FINAL POWER < 
AMPLIFIERS 
(8 EACH) ^ 

y 

PHASE SHIFCE 


£IGHT STACKS OF RADIAT0R%^ 

8tl6o2A 32 


PRF.AMPLIFI 



_ I 

_ 


1 


EIOHE pcscc power divider 

t 


INPUT FROM THE RF WOVE 
FIGURE 4-14. ELECTRONICALLY DESPUN ANTENNA SWITCH/PHASE NETWORK 
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systems study. In particular, a distributed rf amplifier schemp based on a 
Texas Instruments study performed for Ames Research Center* was examined 
during a systems trade study of high-gain antenna candidates. The results of 
this trade study are given in Volumes 3 and 4 of this report. 

The candidate company funded design is illustrated in Figures 4-14 
through 4-17. The aperture is a ring of 32 stacks of 5 radiators each. Each 
radiator consists of four slots backed by a loop-excited cavity as shown in 
the cutaway view of Figure 4-15. The crossed loops are excited through 
90 -deg, 3 dB hybrids in order to obtain two equal field components in phase 
quadrature. As seen from Figure 4-17, the slot radiators are interlaced 
with the solar array. 

The diameter of the EDA is sized for a 10-deg beamwidth in the 
plane of spin. The height of the cylindrical antenna determines the ele- 
vation beamwidth (along the spin axis). Of the 32 stacks of radiators, 8 
are energized at any given time resulting in a net gain of 22. 5 dB. 

A switching /phasing network (Figure 4-14) provides for synchronous 
rotation of a well defined directional antenna beam. There are eight single- 
pole, four throw switches. Eight phase shifters are required to control the 
phase of each energized stack of cavity backed slots. Since the phase 
shifters add several dB of loss, it is desirable to include transistor 
amplifiers in the network to reduce the primary rf source power level 
and establish a better dc to rf conversion ratio. 

Table 4-9 summarizes characteristics of this EDA. The weight 
assumes special construction techniques such as foam structure with 
0. 015 cm (0. 006 in) aluminum foil facing. 

Mechanically Despun Antenna (MPA) Array 


To obtain an 11 -deg beamwidth and a net gain (after antenna losses) 
of 23. 5 dB, the mechanically despun array dimensions must be on the order 
of six wavelengths. Figure 4-18 plots the planar array performance as a 
function of its size. A mechanically despun array may be slightly smaller 
than a reflector because greater control over the aperture illumination 
exists, 'and therefore more efficient use of the aperture can be made. 
However, this is obtained at the expense of greater complexity. 

A mechanically despun array may consist of an array of radiators 
such as helices or dipoles or the array may be a flat plate slot array. The 
design of the array of radiators requires the selection of the type of radiat- 
ing element and the feed network. Table 4~1() lists radiating elements. 


R. D. Meeks, "An Electronically Phased Modular Array Antenna for 
Pioneer Venus Communications", NASA/Ames Reoort U1-991840-F. 
22 November 1972. 
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FIGURE 4-16. S-BAND ELECTRONICALLY DESPUN ANTENNA CUTAWAY VIEW 










Siae (cylinder) 


Polariaation 

Peak gain 

. / -1.0 dB 

circuit lo8s«(hybrld» /cable) ^ 

Switch leas .,7reercent) -l.bdB 

Aperture efllcleucy lo.s (7C percent) 

1 Total losses 


1. 04 m (40 in, ) diameter. 60 cm 
(23 in. ) high 

Circular; axial ratio, 3 dB 


Net gain 

Beamwldth (spln/plane/normal 

to spin plane) 

I Mass 


10 by 12 deg 


EDA assembly 

structure , include. Slot radiators, ^ 

Feed network n ASked.Slb) 

Switches ¥. 6 kg ("l*?- 0 

Total weight — 1— 


25.5 dBi 


-3. 0 d B 
22. 5 dBi 



gain, obi 
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TABLB: 4-10. CANDIDATP^ RAniATlNG ELEMENTS FOP CIRCULARLY 
POLARI/J-'.O l^LANAR AND LINEAR ARRAYS ON SPACECRAFT 


T yptt of 
P^idiator 

Cha racteristics 

Crossed dipole 

Low profile 0. 3 <\ element spacing, 10 percent 

bandwidth 

End-fire 

1 to 5 \ long, applicable in widely spaced elerrent 
arrays, lightweight, up to 30 percent bandwidth 

Backfire 

0. 6 \ high, >\ element spacing, up to 30 percent band- 
width, medium weight 

Planar spiral 

~0.3 \ high, >\ element spacing, greater than 4 to 1 
bandwidth, medium to heavy weight 

Conical spiral 

0. 8 to more than 2 \ high, >\ element spacing, grear.er 
than 4 to 1 bandwidth, light to heavy as a function of 
bandwidth, etc. 

Open-ended 
waveguides and 
horns 

Can be flush with ground plane, spacing, 10 to 16 

percent bandwidth, normal design heavy, but with foil/ 
foam, lightweight 

Crossed or 
inclined slots 

Can be flush with ground plane, < \ spacing, 10 percent 
bandwidth, normal design heavy, but with foil/foam 
design, lightweight 
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Table 4-11 lists the candidate feed networks. Open ended waveguide 
radiators are applicable when the feed network is also in waveguide. 

A heluc, disc on rod, or yagi are very similar; they are end-fire radiators 
extending above the ground plane by a minimum af 1 1/2 wavelengths. The 
crossed dipole extends only 0. 3 wavelength above the ground, plane. It can 
be easily fed end-on from a stripline feed. The backfire radiator is an 
extension of the dipole radiator by the addition of a second reflector. It 
too can be connected easily to a coaxial connector. 

The stripline feed with hybrid power dividers is a very common 
device. The loss per power divider is on the order of 0. 3 dB, including 
line length loss between hybrids. The loss of the feed network can be 
very significant in an array of even medium gain. The circuit lo-ss can be 
minimized by using rf amplifiers at each radiating element. However, 
this adds to the weight, complexity, and cost of the antenna system. 

Another type of feed network is a stepped radial line power divider. 
It is a parallel plate structure with a central feed point. The parallel plate 
region is stepped in order to control the coupling to the pickup probes which 
form the interconnect to the radiating elements. The radial power divider 
provides a tapered aperture amplitude distribution so that the aperture 
efficiency is 80 percent or less. With a loss of 0. 3 dB in the power 
divider, the total antenna loss (including aperture mismatch and aperture 
efficiency) is on the order of 2. 0 dB. 

The flat plate slot array consists of lengths of waveguide with slots 
cut into the broadwall. The array of waveguides can be fed from another 
linear slot array or from a feed network as discussed above. The linear 
slot array is usually preferred, because it is compact and ideal for feeding 
a linear array. The array of linear arrays of slotted waveguides is most 
efficient when the aperture dimensions are greater than 10 wavelengths. 

The power lost in the terminations of the linear slot arrays increases 
rapidly as the length of the arrays is reduced. 

The flat plate annular slot array is a combination of the concepts or 
radial line power divider and a slot array. It is constructed as a parallel 
plate line, but radiating slots are used in place of the pickup probes. The 
aperture size is limited to a diameter not much more than 10 wavelengths 
providing an aperture efficiency of 60 percent. Circular polarization is 
not easily achieved with slot arrays. Design and manufacturing costs are 
high for planar and annular slot arrays. 

MDA Reflector Antennas 


Several designs of mechanically despun reflector antennas can be 
considered. The cassegrain reflector is not included because it is ineffi- 
cient when the reflector diameter is less than 30 wavelengths. Dual 
reflector antennas, with the primary reflector smaller than 30 wavelengths 
generally have low radiation efficiency because of large aperture blockage 
by the secondary reflector. 
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TABLE 


4-11. CANDIDATE ARRAY FEED NETWORKS 


Type of 

Feed Networks 

Stripline hybrid 
power dividing 
network 

Radial line 
power divider 

Slotted wave- 
guide line -- 
source feed 

Quasioptical 

feed 


Advantages and Di sadvantages 

Lossy, area proportional to number of radiators 

{l-'etTcer 


NET ANTENNA GAIN, OBI 


1 



KEFUECTOR DIAMETER, CENTIMETERS AND (INCHES) 


(UPPER SCALE ALSO HALF POWER BEAMWIDTH, 
degrees at 2.3GHZ) 

FIGURE 4^19. PARABOLIC REFLECTOR PERFORMANCE - GAIN. 
BEAMWIDTH. AND MASS VERSUS PRIMARY 


4-30 


The reflector is cono^ ^ spacecraft, 

*heeu ''^7*4°''° laye« ‘ 0^0 ols^’^'/'o’'* 
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TABLE 4-12. ANTENNA SYSTEM LOSSES 


Loss Factors 

Focal Point 
Feed Parabolic 
Reflector, dB 

Helios Type 
Antenna, dB 

Feed blockage 

0. 20 

0.4 

Subreflector 

blockage 

— 

See feed blockage 

Illumination taper 

1. 0 

{ 10 dB taper) 

1. 1 

Polarization loss 

0. 15 

(0. 15) 

Feed loss 

0. 1 

1. 0 

Reflector surface 
errors 

0. 2 

0. 2 

Feed phase error 
and defocusing 

0. 26 

(0. 25)* 

Aperture mismatch 

0. 25 

(0. 25)* 

Spillover (2. 4 dB) 

0. 45 

1. 7 

1 

Rotary joint 

0, 2 

— 

Feed line 

0. 1 

Feed loss 

Strut blockage 

0. 2 



3. 0 

4. 4 (5. 05)* 


A more conservative approach to the losses should also include 
these parenthetical numbers. 


4-33 









TABLE 4-13. HIGH GAIN ANTENNA TRADEOFFS 


Types of Antennas and Systems 

Advantages and Disadvantages 

Electronically despun antennas 

No mechanically moving parts, greater 
complexity, less space proven 

RF switch 

Low reliability, simple design 

DC switch 

Higher reliability, more complex 

Phase switch 

Complexity, weight, medium reliability 

Mechanically despun antennas 

Moving parts, extensive use in space, 
hardware developed 

Slot arrays 

Complex, high design and manufacturing 
cost, circular polarization not easily 
obtained 

End-fire radiator arrays 

Feed losses, design cost, higher 
technical risk 

Parabolic reflector with 
focal point feed 

Design well known, hardware may be 
derived from existing designs, light- 
weight, low technical risk 

Cylindrical reflector 

Lower gain per unit area, new design 

Offset feed 

Not applicable, lower gain per unit area, 
new design 

Mechanically despun reflector 

Eliminates rf rotary joint 

Cylindrical reflector 

Lower gain per unit area, high level 
back radiation and spillover. Dual 
reflector increases blockage. Custom 
design, not extension of existing designs. 






4.4 POWER AMPLIFIER SELECTION 

The objective of this stuJy was to investigate the use of a solid state 
power amplifier modulo that could bo used as a building block to form any of 
the required power amplifiers in the probes, probe bus, and orbiter. A 
second objective was to perform a performance/cost tradeoff with a TWT, 

The design choice for the Thor/Delta is a 7 W solid state power ampli- 
fier module, similar to that employed in a military space application. The 
design, which utilizes the MSC 3005 transistor in its output, wil be space 
qualified this year. The module can be used alone as on the small probe, 
or used in a parallel configuration which permits summing for higher power 
in an external hybrid combiner as in the large probe, probe bus, and the or- 
biter. This commonality of design aids greatly in reducing subsystem non- 
recurring costs. The power amplifier module can also be operated in a low 
power mode to conserve the spacecraft primary power. The Atlas/Centaur 
design was a 9 W module (see Section 6). 

S-band solid state power amplifiers in the 7 W output range have only 
recently been developed for space applications. However, these applications 
are increasing in number, and space qualified components as well as actual 
flight experience will be available within the next year. 

Traveling-wave tubes (TWT) have had a more extensive application 
history in space. Power outputs have ranged from 4. 5 to 24 W with a dual 
output power mode being a common feature of the higher power amplifiers. 

Much higher power tubes (100 W) are also space qualified. 

A tradeoff between a possible 7 W, solid state power amplifier module 
and the TWT amplifier (TWTA)used on Pioneer 10 shows that the former is 
much lighter weight and smaller in size (see Tables 4-14 and 4-15). Efficiency 
is roughly comparable. The cost of the solid state power amplifier should be 
roughly half of the TWTA. At this power level, only one factor favors the 
TWTA; namely, that it is "off the shelf" and has proven reliability in space 
application. Ho%vever, if the TWTA were chosen for the orbiter mission, or 
for the probe bus, commonality of design with the large and small probes 
would be sacrificed and costs would therefore be much higher. 

The power level is certainly a key factor. If the required output power 
were greatly increased, a TWTA would presently be the only available choice. 

Obviously, performance of the solid state pow'er amplifier is related 
to cost whenever the state of the art is approached. For that reason, if less 
stringent limits were imposed on weight and power consumption, the cost 
would be less. A 20 percent cost reduction is estimated if the weight were to 
increase to 0.7 kg (1, 5 lb) and the dc power requirement were 33.6 W. 

Solid State Amplifier Versus TWTA Trade off 

Table 4-14 summarizes the performance of various solid state devices 
that are of interest to this study. In th<! top grouping are integrated power 
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TABLE 4-14. SUMMARY OF TRANSISTOR AMPLIFIERS 
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amplifiers which mcludc an output i;^oUtor and a regulating power supply 
to h consists of exciter drivers which have been or are about 

t. IS . m space applications although at a somewhat lower power level 
The performance parameters are for the entire exciter. The last of the three 
groupings describes just the power amplifier itself. Note that weights and 
sizes for these devices are very small. “ 

(TWAl \^WT traveling -wave amplifiers 

iw ^ ^ voltage power supplies. In addition to those 

listed there are previous generations of tubes which have flown on space 
missions. For instance, the forerunner of the 242 -HA is the 242 -H which 
u” Mariner 69. It, in turn, was a selected version of a 394-H 
which ha . been flown on Apcilo. Older generation Hughes S-band TWTs ’ 
have also flown on Mariner 4 and 5. Lunar Orbiter, and Surveyor. The 

applications are the Hughes 242-HA TWT mated with the 
WJI 084 power supply, and the WJl 171-1 TWA. 

Additional information on both solid state amplifiers and TWT am- 
?Vi ^ company sponsored IR&D report 4116. 02/100 en- 

titled Solid State Versus TWT Transmitter Trade Study, " which is included 
m Volume 15 of Ms report. Note that all dollar values'^iivrin tW “replt 
are rougn order of magnitude (ROM) and are exclusve of Hughes G&A and fee. 


4. 5 MICROMINIATURE TRANSPONDER SELECTION 

,-aa^ • was made to select a baseline design for a phase lock loop 

receiver that is readily adaptable to the large probe, probe bus, and orbiter 
bus. Emphasis was placed on presently available space hardware or hard- 
ware which IS already in an advanced stage of development. Since this hard- 
ware in some cases included the modulator /driver as part of an integrated 
ponder°”°^*^ package, this survey was enlarged to include the entire trans- 

It has been shown on a company-funded program that the transponder 
designed for the Viking Lander represents the most advanced design in pre- 
sentl^y space qualified hardware. For the Thor/Delta application, the present 
Viking transponder would be repackaged to reduce weight and ease layout 
constraints m the large probe. This is possible because "footprint" con- 
straints, pectiliar to the Viking spacecraft, forced the transponder to a non- 
optimum integ.-ated receiver -exciter package design. However, since the 
Atlas/Centaur application is addressed to cost saving, even at some weight 

expense, the ViKing transponder would be used in its present configuration 
with a minimum of modification. Buianon 

Various companies were contacted for information regarding their 
communications transponder capabilities. Table 4-16 summarizes the data 

G&A and^fee ‘ mclude Hughes 
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At the present time the Philco microminiature DSN compatible Viking 
transponder is clearly the lowest weight and lowest cost unit. The trans- 
ponder is based on a modular design concept in which the transmitter and 
receiver are assembled from modules into integrated units. All modules arc 
of microelectric hybrid design using either thin or thick film technology. The 
modules are stacked one behind the other and mounted to a machined aluminum 
interconnect chassis. f 

The transponder has built-in provision for cross strapping and the 
exciter has an auxiliary oscillator which can be substituted for the coherent 
frequency input from the receiver. The Viking transponder design closely 
fits the requirements of the Pioneer Venus mission and it will be possible to 
use this transponder with a minimum of modification. 


An alternate possibility is a microminiature transponder which is 
being developed by Motorola. Ultimatel/ this transponder, which uses beam 
lead monolithic integrated circuits, is expected to be smaller and lighter 
weight than the Philco-Ford Viking unit. However, its design is not yet 
completed and therefore it has not been selected for the baseline design. 

The two Motorola units which are represented on Table 4-16 are much 
further advanced in terms of availability, but as can be seen from the table, 
they are clearly less desirable than the Viking transponder. 

Additional information on the Motorola transponders, as well as the 
remaining DSN compatible units listed in Table 4-16 may be found in the 
IDC, "Deep Space Communications Transponder Survey, " included in vkume 
15 of this report. 


4. 6 STABLE OSCILLATOR 

Experimental work performed at Hughes on a company- sponsored 
program to evaluate oscillators for possible space applications is applicable 
the selection of the stable oscillator for the Pioneer Venus small probes. 
Part of this work, "Evaluation of the Hewlett-Packard 10543A Oscillator, "* 
is included in Volume 15 of this report. It is of inierest to consider this 
H-P oscillator for the Pioneer Venus application, since the unit is fairly 
compact and has outstanding frequency stability specifications. However, 
as shown in Table 4-17, there was a frequency shift of 5 parts in 10^ induced 
by a 700 g acceleration. If this proves to be a general characteristic of this 
type of oscillator, rather than a chance flaw in the unit which underwent the 
test, it would seem to rule out this type of oscillator for Pioneer Venus. 

In any case, the frequency will have to be non-standard for the Pioneer Venus 
application and this factor may negate any cost savings which may otherwise 
accrue from selecting an off-the-shelf item. 

Under Contract NAS 2-7250 from NASA/ARL, the Applied I’hyaics 
Laboratory of Johns Hopkins University is investigating a stable oscillator 
design for the Pioneer Venus small probe. Using a crystal supplied by 
Bliley, the APL oscillator has been run through a preliminary series of 


4-41 


uTTf lr‘‘ g forces 

InLxusc ‘thf^hort »^or!n clrialn l^*quency sldft 

true ^.ability ,„ay have been ^ ^ nun. the 

O ><.ill,uoi- would h.ive to be imr»n > a’ i - term stabilifv of this 

applied to Pioneer Venus. ' fhe aS ‘-’“wld »«' 

interest because calculation- bas-.d m fli^velopment is tif particul ir 

temperature control, indicat ’ tliat theV • pliuse change material for 

ightweight. It would also require nuiclUess^?'^ would be very small and 

4 1 c. much loss power than the HP oscillator. 

In addition to HP and Blilev i. fv,- i 

crystal oscillators is Frequenev FlV ^ inanufactur<;r of high quality 
benom of oxporionco in .pJ"7ppW^ fEI also has The 

i £.1 ha.s supplied the 38. 2 MHz crystal o«t‘-n »n Table 4-17, 

gram. PEI uses a patented crv«f-V cillator for the Pioneer F&G nro- 

over a temperature' range of 20^° to ^ Part in 10^ stabiUty” 

compensation. ** ^ without any additional temperature 

power °S°-I Program. The 

ft ?h the table reflect, th. °SO 

If the Pioneer F&G crystal oscillamr f ^ be required 

Note also the tradeoff Utween weight Tnd " OSO-I oven 

on the other. Except for the rather power 

ility to reach I part in lo9, this aourof required for the sta- 
mission requirements. It remains ^to ”^ay satisfy the Pioneer Vents 
crystal reacts to the high deceleration. how the FEI FC cut 

pre7err-;rgr 

the French equivalent of NASA (CNE'S) had balloon experiment by 

0. 5 h and over an ambient temnlr .f ^ ^ ^ stability of J part in 10^ for 

probe mieeion U about ''“"S' The Pioneer Vc fu, 

porature change could be aa much ai firfe'L “™blent tern'- 

tor meeting the .pecificatlona of TS^f-lS. "‘■o«la- 

porforman'I’ct'f T^buT-'ra."* '° domonstrato the 

was subjected to 700 g of acceleraHon T? ' "" dewar flask package 

changu.^ immediately after the dcceleratioI '‘'7r'^"? apparent frequency 
Cons. No significant difference was obslrvtd^ ^PPiicd in all 

poaed flfg^ld oa'cllUtor wmd" ‘O-d package, A pte- 
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TABLE 4.18, TEST OSCILLATOR TECHNICAL SPECIFICATIONS 


Frequency: 

38. 2 MHz 

Output power; 

3 mW min into 50 ohm 

Frequency accuracy: 

jppi0"^> at any steady state temperature 5“ to 
43°C, and after "warmup" following extended 
periods of off time 

Frequency stability: 

IPPIO"*^ from time (to -2. 5) to (to +1. 27) hours, 
with oscillator mounting surface temperature 
profiles shown on Figure 4-21. 

Frequency stability: 

Immediately after deceleration pulse shown in 
Figi:re 4-22 should be less than IPPIO"^ 

Input power: 

1. 5 W-h, including warmup (to -2. 5) to (to 
+1. 27) hours shown in Figure 4-23 

Input voltage: 

+28 V±2 percent 

Weight: 

Less than 0. 3 kg 

Size: 

Less than 130 ern^ 


ovenized FEI flight oscillator has been designed to achieve a frequency sta- 
bility of better than 1 part in 10*^ from 5 to 43°C ambient temperature. The 
entire oscillator is housed within an oven inside an insultaing dewar flask 
and encapsulated for rigidity. The temperature senstive crystal and circuit 
corriponcnts t »;o kept at a stable temperature. The 38, 2 MHz oscillator 
circuit uses the FC cut crystal. A 2-8 pf variable capacitor sets the fine 
frequency of the oscillator. A clioke in series with the crystal is selected 
to provide 38, 2 MHz. A voltage regulator provides +24 VDC from the +28 
VDC input. An oven controller circuit senses oven temperature and adjusts 
heater voltage to maintain constant temperature. A variable resistor pro- 
vides initial temperature setting. 

Based on this FEI data, it is not expected that providing a stable 
oscillator with the technical specifications given in Table 4-18 will present 
a problem. Thus, these specifications have been selected as representative 
of the baseline stable oscillator design and are so presentc'd in Si'ctions 5 
and 6 of ti is volume. 


4.7 COMMUNICA riON SUBSYSTEM P/SSIVE C0MP0NB:NTS 

Table 4-19 summarizes the peri rmance parameters of the pa.ssive 
componen.s of the communications subsystem. This listing is partly the 
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FIGURE 4-23. POWER CONSUMPTION VERSUS TIME 


TABLE 4-10. RF SUBSYSTEM PASSIVE COMPONENT 
CHARACTERISTICS SUMMARY 



Insertion Loss, dB 

Isolation, dB 

VSWR 

Circulator -isolator 

0. 2 

25 

1. 15 

Filter, receiver bandpass 

0. 3 

50 at f'j’ 

1.25 

Filter, transmitter bandpass 

0. 3 

35 at fp 

1.25 

Filter, harmonic 

0. 1 

30 at 2f^., 3f j 

1. 15 

Hybrid 

0. 3 

23 

1.20 

Switch, SPOT 

0.15 

80 

1. 15 

Switch, transfer 

0. 2 

60 

1. 20 

Cable, 0. 96 cm (3/8 in. ) OD 

0. 20/m (0.06/ft) 


1. 10 

0. 36 cm (0. 141) OD 

0. 52/m (0. 16/ft) 


1. 10 

Filter, notch 

0. 2 

40 at fj^ 

1. 20 

Rotary joint 

0. 1 


1. 15 




wtoii 
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result of an interaction “'V sub system 

instance, the isolaljon c)f l u. vc i comniliue tbo i:xpectf;d porlorn'.runcc 

design considcraliuns. xo cleiueiits several. traJ.ooffs 

characteristics of the t ommxrmcatxou , ^ce. Mechanical switches 

were performed to obtain ''I‘— wUch ", wl 0".^ 

i“ tera= component conaidcrationa. 

Switche s 

* /I fr^ fulfill the functional requirements of 
RF switches are required subsystems, Three types of 

*e probe bus and “‘>' 1 ' 

ewitche. were «nrfdered: mechamcA^ insertion 

are very small and fast acting current in one of the switch positions, 

loss. Moreover they squire a 1 8 ^ 45 insertion loss and pro- 

As an example, one 2 “^'/turren?. isoialio.i increases to 

vides 40 dB isolation^ . Although the currents are not large, the 
i” tftir^loVs-?s”p?o^fihm^^^^ diode switches are least attractive 

for the present application. 

Waveco“es a r^dch VSn^^r;"!- wh^c^la”^^^ 1010 

o r\n « ! 


specifications; 

Frequency 
Isolation 

VSWR 

Insertion loss 

Power required 
Switching time 
Siae 


2. 2 - 2. 3 GHz 
20 dB 
1.2 

.17 8° to - 106 . 7°C (0 to 160°F) 0. 3 dB 

. 84 , 40 to -17. 8 “C (-30° to 0°F) 0. 5 dB 
70 ma at 28 Vdc 
100 ms 

5. 1x5. 1x6. 1 cm (2x2x2. 4 in) 



This 
is not 

Icif o r - » > 

board the spacecraft, hi energy bidwecii two 

the isolation is insatticicn w , ^ numiier approaciung the isolation 

antennas whose antenna gams diffc r ny a 
provided by tbi' .■-witeh. 
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Mechanical switches provide the lowest insertion loss and the highest 
isolation. Roth Transco and Teledyne have made many r£ switches for 
space applications but Teledyne has also developed switches that are magne- 
tically clean. These use mechanical latching drives rather than the more 
common magnetic latching drives. If magnetic cleanliness is not required 
the magnetic latching switches would be preferred because of their improved 
reliability and lower cost. 

Teledyne's CS-27T60-3 is a transfer switch which was used on the 
Pioneer spacecraft. The switch weighs 0. 28 kg (10 oz) and meets the 
following magnetic requirements at a distance of 30. 5 cm (12 in) from its 
center: 


20 gamma residual field after being subjected to 25 g field along 
all three axes 

10 gamma residual field after demagnetization with ac field along 
all three aixes 

12 gamma residual field after application of drive pulse 

Teledyne's CS33S6S-3 SPDT coaxial latching switch is being supplied 
to Thomson CSF for use on the Helios program. Magnetic requirements for 
this switch are modeled after those imposed in the Pioneer program. Unlike 
the transfer switch, which is vented, the SPDT switch is hermetically sealed. 
Both switches could handle rf power up to 20 W. 

Filters 


A filter must be provided at the output of the transmitter to prevent 
transmitter generated excess noise at the receiver frequency from degrading 
the receiver performance. The noise can either be generated in the exciter 
and amplified by the power amplifier, or it could be due to the noise figure 
of the power amplifier itself. In an experiment conducted at Philco-Ford, 
the Viking exciter output was coupled into the Viking receiver input by means 
of a 30 dB coupler. No degradation in receiver performance was observed. 
Based on this measurement, the noise power at the output of a 20 dB gain 
power amplifier would have to be isolated from the receiver by at most 50 dB. 

The specification of the Viking receiver states that the receiver must 
operate without degradation in the presence of a +20 dBm transmitter fre- 
quency signal at its input. It more than meets this requirement with a five 
pole filter at its mput which provides approximately 65 dB isolation. Thus 
the isolation provided by a simple circulator would be adequate if the Viking 
receiver is used without an external low noise preamplifier. If however, a 
low noise (3. 5 dB) preamplifier is required, the total isolation requirement 
between transmitter and receiver would be determined by the preamplifier 
saturation characteristics. With -25 dBm at the preamplifier input it should 
be entirely unaffected. If then the transmitter output is +40 dBm, a total of 
65 dB isolation would be required. 
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There are a number o£ ways of configuring the rf communications 
subsystems for Pioneer Venus spacecraft which lead to variations in filter 
design requirements. The original concept pictured a diplexer as a single 
block which included the filtering required to prevent transmitter power 
from leaking into the receiver; i, e. , signal at the transmit frequency f,^, 
and noise at receiver frequency, fj.. Such a diplexer has been flown on the 
Pioneer F&G programs. This diplexer, developed by Wavecom, has the 
following characteristics: 

Frequency: transmit 
receive 

Passband 

Passband loss: transmit 

receive 

Passband VSWR 

Interchannel isolation 

Weight 
Size 


2295 MHz 
2115 MHz 

10 MHz minimum 

0. 6 dB 

0. 76 dB 

1. 25:1 
85 dB 

0. 9 kg (1.95 lb) 

20. 6x13. 7x7. 1 cm(8. 1x5. 4x2. 8 in) 


This is an integral unit and therefore it would not satisfy all the filter 
requirements for the probe bus baseline design with its four separate 
antennas. Moreover the interchannel isolation requirement need not be 
as high as 85 dB. In a diplexer with lower isolation and the same volume, 
the insertion loss should also be lower. Finally, the diplexer is quite 
large in terms of packaging into the large probe. If it can be split into 
smaller pieces it would allow greater flexibility in packaging. 

This flexibility is possible if the diplexer consists of a circulator 
and separate filters to provide additional isolation as required. Assuming 
the circulator provides 15 dB isolation (limited by antenna mismatch) and 
that at least this much isolation is provided between the various antennas, 
the most stringent filter requirement would occur in the case when a 
separate preamp precedes the Viking receiver. In that case the receiver 
filter isolation requiremeni. is 50 dB, By careful design and fabrication 
techniques it should be possible to Pmit the insertion loss to 0. 3 dB in a 
filter with a volume 557 cm3 (^4 in3). This represents a four ffction 
stripline type filter. Fo, the filter in the transmit arm assembly 35 dB 
of isolation is required so *hat a similar design would very easily limit 
the insertion loss of 0. 3 dB. This distributed approach to the diplexer 
design was selected principally because it made probe packaging easier. 

One can also consider the use of much smaller filters which have 
the attendant penalty of higher insertion loss. For instance the receiver 
filter described in the Texas Instrument report for the electronically 
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tf.lv 46 dB isol=;'cion and has an 

sj.‘;.';.s.'ri. ... »- ■■“>•"" 

is not sufficient to jubiuy 
design. 


R ntary Joint 


The rotary 

rottry jo*t, T°^rtolut/o|tput between 

r:7u“P «- 

“"“irXrbt^^ren Sr s^afioaary and rotattng port 

’^rAsoitorhaTtmw^^^^ to 

ferpe^r-^erd^- ^ 

o! « dB. The isolator bocomee^^^^ t^frit.’ 1*5 1 xl • 9 cm (^x^x 

!Ae\^y;"ror toe^'^bi^t' t^rt ‘i; > . 9X1. 9X1. 3 cm <3. 4x 

isolation, °- ■* ri“ 'as 'with the the current system 

t-idt'-icnit i"s*t5;’thc additional insertton 
design. 


CozLxiai ^ahies riST^ tvpe of connector 

' semirigid coaxial S".' H:wcv«! 

?Se‘'“^n fo rc'tho' o:95"*cm (3/B in, diameUr coax, 

at higher power leveU ^^^^^wing consideraUon. ^ dB/ meter. The 

/meter and has an insertion^^ *'!'! ‘‘® must'L compensated 

Ztr 0^ Tv o/ o" 3 rdB i‘/»B*Bh,a. The rl lose must 

meter. Hius le Array for Pioneer Venus 

rrATTITlcctromcaUy Pleased Mod^^^^ 2^ November I9?a 

^5g7DT Meeks. An Ames Report U. -991 

Co mmunic ati on s , 




do output PO»<T’’“A^suming^ho*ow<Ta^^^^ turn require, additonal 

panel mass so that the trade is clearW^n fa solar 

even considering othL farfn^ e ^ favor of the larger coax without 

may be advantageously used on loks cable run« larger coax 

account losses in the adapter Ltwee^the A 

which would be needed to^fit the larger cable OSmT connector 
the rf system components such as ^ * 4 . • connectors are used on 

determines the height of the comnonent since the connector size 

long run. wiU he dLided hLrdTnThrparUc^ir.imXn*.!''*^^ 

4. 8 PROBE ENVIRONMENTAL CONSIDERATIONS 

probe, made studres^^^the^imoacrl/^*^*^*^^*^*^*^ environments seen by the 
units mandatory. ^ ^^ese environments on candidate probe 

High Tem perature Electronics 

at the end of the nTission*^^t^eiTh*^^h critical elements in the probe 

The acceptance temperature^pec\f^^ was considered, 

transponder is -12° to +43°C. ^Its qualificaHno^f*^^ present Viking Lander 
to + 57 OC. Philco ha. also iniormaUrtested th^^ 

up to 70°C. At this high temperaturl thpri. transponder at temperatures 
in the performance of the traLponder For inevitable degradation 

of the receiver preamplifier will increase about a half^B^from 
temperature value. Howevpsr tv..a z- ^ from its room 

5. 2 dB, well under the 6. 5 dB specif ic^ation^^^ typically about 

receiver would meet 6. 5 dB, rfgure 4 25 sho'^ Viking 

with tompsrature in a similar Hu|he.-buUt preampU£re".‘“*“'’ 

who„.hemi^;er"tu«'\“\M'o^Jf7‘Sia*"j^ 

ZlTonr:: ^rdir^.*" output. 

“0 dB qualification environmental 

OTpHfier «gu^<tT°2\‘"hoZ'datf obutoSd^on°a‘'M 

temperatures below 43<>C One eonlri output was obtained only at 

designing the regulator voUagriu ’’V 

case at least.o„e“ could not funher raTsoX 

Since the power dissiDation ^^^^peraturo 

oxcessivo. '-“"Pution i oqun cment on the transistor would become 
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A third deterioration in the present Viking transponder performance 
is due to frequency drift with temperature of the crystal oscillators. The 
exciter auxiliary oscillator uses an AT cut uncompensated series resonant 
third overtone crystal. The frequency uncertainty specification^is ±1. 3 parts 
in 105 during acceptance test environments and ±2. 0 parts in 10 during 
qualification test environments. Identical frequency uncertainty requirements 
apply to the receiver best lock frequency. The frequency uncertainty will 
increase yet further at higher temperatures. 

The filters used in the Viking transponder, as well as elsewhere in 
the large probe communication system, are relatively broadband so that 
their performance will not be greatly influenced at temperatures up to 77 C 
(ITQOF). The coaxial cable leading to the antenna terminal from the rf sub- 
system will not only convey the microwave signals but also any heat which 
may be present at the antenna terminal, Hughes Aircraft Company TIC 
4116/73/051, "Probe Antenna Development, "included in Volume 15 of 
this report, points out that the antenna materials are selected to withstand 
high external temperature environment of 765^K. The antenna itself will 
provide some thermal impedance between this outside temperature and the 
rf subsystem. If further analysis indicates it is required, the coaxial 
cable will be designed to further isolate the rf subsystem from this high 
temperature. This is done by using silver plated thin wall stainless steel 
coaxial cable. A preliminary calculation shows that this approach could 
reduce the coaxial heat leai^ into the probe by a factor of 100 as compared 
vdth standard 3. 5 mm diameter coaxial line. 

High-G Electronics 

The communication system components on both the large and small 
probes will be subjected to a high g environment during entry into the 
atmosphere of Venus. A possible deceleration profile for the small probe 
is shown in Figure 4-22. The communication system must be designed to 
survive this pulse. Due to ionization of the atmosphere, the communication 
system will in any event be "blacked out" during the deceleration itself. 

Thus the components need not be tested for normal ope. 'tion during the high 
g period. They will however have to survive the high g and be fully operative 
immediately afterwards. 

As described in the Hughes Aircraft Co. TIC, "Electronic Component 
Kigh-G Evaluation Tests, " included in Volume 15 of this report, component 
assemblies of various constructions were subjected to high g test levels. 
Point-to-point and printed circuit constructions are used in the communica- 
tion system power amplifier and receiver /exciter. The test showed that 
the circuits did survive the high g environment. However, as described in 
Subsection 4. 6, permanent frequency shift of 5: lO” was experienced with 
the Hewlett Packard high stability quartz oscillator. A temporary frequency 
gbift during the high g period is unavoidable. It is the permanent change 
which must be avoided. The oscillator in the cross-strap converter did not 
change frequency after being subjected to the high g but the accuracy of the 
measurement was limited to 1:108. The stable oscillator which is being 
developed by the Applied Pliysics L^aboratory of Johns Hopkins University 
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under NASA/ARL Contract NAS 2-7250 nas been subjected to 300 g level and 
its frequency changed less than 7:10*^ - again the limit of measurement 
accuracy. Further tests conducted and r a company-funded program demon- 
strated that an oscillator with the requisite I:l(y stability will maintain that 
characteristic in the face of the high g environment. 

t 

The major component in the baseline larpe probe communication 
system is the Viking transponder and m the small probe it is ihe exciter 
portion of that transponder* This transponder has been tested to 1500 g 
shock level. The anticipated 700 g deceleration requirement is expected to 
be less severe than the shock requirement and therefore it is expected that 
the Viking transponder can be used "as is" from this point of view. 


5. 


THOR/DELTA BASELINE 


Ihe criteria for selecting the communication system components 
for the Thor /Delta baseline were based on achieving the lowest possible 
cost within the weight and performance constraints of the subsystem re- 
quirements as they were formulated at the midterm design review in 
February 1973. To achieve low cost the greatest possible design common- 
ality between the orbiter, probe bus, large probe, and small probe was 
implemented with component hardware which to the greatest extent possible 
was directly derived from other space programs. Table 5-1 illustrates 
this philosophy. Note that the only completely "new" hardware items are 
the stable oscillator and the probe antennas. 

The communications system is divided into the radio frequency 
subsystem and the antenna subsystem. Details on the design of these 
subsystems is given in sections 5.1 and 5.2, below. 


5. 1 RADIO FREQUENCY SUBSYSTEM 
Probe Bus 


Figure 5-1 is a block diagram of the rf subsystem proposed for 
the Thor/Delta probe bus. The diagram also shows the connections and 
rf powers delivered to the various antennas. Note that there are three rf 
power operating modes which are referred to as 10, 5, and I W modes, 
even though these are only approxinna tions to the exact powers delivered 
to the antennas. In the 10 W mode, both power amplifiers are turned on 
and their outputs are added in the summing hybrid. In the 5 W mode only 
one power amplifier is turned on so that full redundancy is available. In 
the I W mode the power amplifier is operated with reduced voltage applied 
to the transistor so that power is conserved. This low pove r mode is 
required by the type II orbiter trajectory when the spacecraft is greater 
than one AU from the sun. All three power modes are available to the 
horn, bicone and wide beam omni antennas by suitable selection of switch 
commands. The narrow beam omni is used for transmit only in the 5 and 
1 W modes. 

Either of the omni antennas can be connected through a diplexer and 
the transfer switch to either one of the preamplifier receivers. The 
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TABLE 5-1 


COMMUNICATIONS HARDWARE DERIVATION 


l.nil 

Prohr B'i?> 

Or!)i< <T 

I,;*rc,e 1 robe 

Sri all im-olie 

AntfnnAn: 





MiK»J KAin 

NA 

IV 

modify f reqii#’o» y , 
beamwidth, feed, 
c,»d mec hamc a) 
interface 

NA 

NA 

BUon»* 

Data 

modify Ireq'ienry. 

br^amvvidth, ftnd 

mechanical interface 

NA 

NA 

NA 

Widr* an^U' onmi- 
dir«»ctional (ton* 
icJil cros»»*i hIoih) 

veyor 

Same Ati prot>»' has 

NA 

NA 

Narrow bt'am omni- 
diroctiona! (con- 
ical spiral) 

”I1S-^S0 

modify frequency 
and bean i width 

Saire as proiie bus 

NA 

NA 

1 

Medium beam horn 

*Int<dsat IV 
modify frequency 
and beamwidth 

NA 

NA 

NA 

Equiangular spiral 

NA 

NA 

New (in 
rl«*vo‘lopment) 

NA 

Loop- vee 

NA 

NA 

NA 

New (in 
fievrlopment 

Rotary joint 

NA 

’•‘Telesat 

modify frequency 
and simplify to 
single channel 

NA 

NA 

ReceiV€‘r/cxcitor 

Viking, repackage 
to reduc#^ wc’ight 

Viking, r»'pac-k,ige 
to reduce vvi-ight 

Viking, repacl<agi’ 
to reciuce wc'ight 

NA 

Exciter 

NA 

NA 

NA 

Viking, with -kynel 
packa ging 

Switches 

Pioneer, Helios 

Same as ppoiie bus 

NA 

NA 

Power amplifier 

‘Military program 
Increase gain, 
rtficience, decrease 
power, v/eight 

Sarru' as probe lius 

Same as probe buy 

San^e as probe bus 

Preamplifier 

^Brazilian 
Tri^de interrnod 
for noise figure 

Same as proiie bus 

Sao';« as probe bus 

NA 

Fillers: 





Bandpass 

ATS-r 

Modify frequenc y 
bandwidth 

Same as prr\l)c’ bus 

Same as probe bus 

NA 

Low pass 

♦Tclcsat 

Modify frequency 



1 

Notch 

NA 

*Telc-sal 

Modify frenuem V 

NA 

NA 

Circulator 

♦oso 

Same as probe bus 

Same* as probt' 1ms 

NA 

Stable osc illator 

NA 

NA 

NA 

Neu 


♦ Exidtlng HAC projirama 
Previoui HAC program 
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TABLE 5-2. PHILCO-FORD VIKING TRANSPONDER 





"diploxer" contains a circulator and a receiver bandpass filter, the 
combination providing 65 dB isolation to the transmitter frequency. The 
3.5 dB noise figure preamplifier is a separate unit which improves the 
overall receiver sensitivity. The remainder of the receiver is actually 
part of the Viking transponder whose principle characteristics are summ- 
arized in Table 5-2. The transponder has built in provision for cross 
strapping. Since both receivers are turned on at all times the exciter 
output is determined by either receiver VCO, or if neither receiver is 
phaselocked, by its own auxiliary oscillator. Only one exciter is turned 
on at a given time. 

The power amplifier is a solid state module capable of providing 
either 7 or 1. 75 W of rf power. In the higher power mode the amplifier 
has 20. 7 dB of gain. Switching between these modes is accomplished by 
an internal regulator which switches on command to e lower dc voltage 
for operation in the 1 W mode. The power amplifier includes an isolator 
at its output to provide protection from high VSWR during switching between 
antennas and to the 10 W mode. 

The output filter includes a low pass filter to suppress higher 
harmonics of the transmit frequency, and a transmitter bandpass filter to 
suppress noise power at the receive frequency. 

The output powers are based on the insertion losses indicated by 
Table 4-19 in subsection 4.7 of the tradeoff studies and by estimated cable 
lengths between the rf subsystem components and the antennas. Similarly, 
the system noise temperature is calculated to be 570°K. 

Table 5-3 summarizes the power, mass, and size of the rf 
subsystem. 

Orbiter 


Figure 5-2 is a block diagram of the communication subsystem 
for the Thor/Delta orbiter spacecraft. The similarity between this and 
the probe bus is very obvious. Moreover, this is true not only in the 
block diagram but also in the physical sense. Even cable lengths and 
component k.yout would, to the greatest extent possible, be identical on 
these two spacecraft. 

The principal difference between the orbiter and probe bus 
communication subsystems is that the former has only three antennas. 

The high gain and widebeam (despun) omni antennas can transmit in any 
of the three power modes. As with the probe bus, the narrow beam 
(spinning) omni can transmit only the 5 and 1 W modes. In order to trans- 
mit on the despun omni the rf switch following the circulator is connected 
to a short circuit and thereby reflects the power back into the circulator 
and out of the omni. For receive, the signal from the despun omni passes 
through the circulator directly to the rotary joint (RJ). The purpose of 
the notch filter (NF) is to prevent interferometry effects in the received 
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beam pattern of the high gain am) despun omni antennas. This is necessary 
because the high gain antenna gain exceeds the despun omni antenna gam 
by a number comparable to the isolation provided by the circulator. ^ 
However, with the addition of the notch filter which rejects the recexved 
frequency, this destructive interference cannot take place. 

Table 5-4 surtimarizes the power, mass, and size of the rf sub- 
system for the orbiter spacecraft. 

Large Probe 

Figure 5-3 shows a block diagram of the rf subsystem for the 
large probe. In essence it is a non-redundant, single antenna, 10 W 
mode only, version of the two previous subsystems. The filter the 
transmitter output is now shown in its component parts, as is the diplexer 
and the preamplifier receiver. The component parts are identical to 
those used in the probe bus and orbiter except for the power amplifier 
which is lightened by deletion of the internal regulator. This deletion is 
possible because the dual power operation of the power amplifier is not 
required and the large probe power system provides a regulated +23 V, 
exactly what the power amplifier requires for 7 W output power. The rf 
power amplifier circuit is, however, identical to that used in the probe 
bus and orbiter. 

In this case isolators were not provided at the power amplifier 
output in order to keep weight at a minimum. This means the system, as 
shown, is susceptible to high antenna VSWR, because the reflected trans- 
mitter power will simply circulate through the circulator, reflect off 
the receive bandpass filter and thence back intc the power amplifier. 

This situation must be avoided, either by turning off the transmitter 
whenever the antenna is mismatched to its load (as dvxring the start of 
entry into the Venus atmosphere), or by providing an isolator somewhere 
in the line. This could most conveniently be done with a four port cir- 
culator-isolator in place of the three port circulator shown. However, 
for the midterm baseline design shown in Figure 5-3, the large probe would 
have to operate in just the same way as the small probe w^here isolators* 
are banned because of the magnetometer experiment, i. e. the power 
amplifier must be turned off during communications "blackout" at the 
start of entry into the Venus atmosphere. 

Tvble 5-5 summarizes the rf subsystem components on the large 

probe. 

Small Probe 

Figure 5-4 shows the rf subsystem block diagram of the Thor/ 

Delta small probe. The ? W powe r amplifier module is identical to the 
module used in the large probe. The exciter is the exciter portion of 
the Viking transponder except that the auxiliary oscillator was deleted 
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TABLE 5-5. LARGE PROBE RF SUBSYSTEM 










FIGURE 6-3. LARGE PROBE RF SUBSYSTEM 



FIGURE 5-4. SMALL PROBE RF SUBSYSTEM 
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• SMALL PROS 



and a 3 dB pad is substituted for the output isolator. The pad simply 
renormalizes the exciter output power to the value required by the power 
amplifier module. At the same time it provides some isolation between 
the exciter output and power amplifier input. The excitt'r output isolator 
cannot be loft in the circuit since in this version the magnetometer ex- 
periment is carried on the small probe. Finally, the exciter is repackaged 
to a minim'Am 3.8 cm height dimension so as to obtain minimum size and 
weight for the small probe. 

The stable oscillator is included here as part of the rf subsystem 
although it might very well be considered as part of the experiments 
payload. The oscillator is designed for I part in 10^ stability during 
descent into the Venus atmosphere. 

Table 5-6 summarizes the component parameters for the small 

probe. 


5.2 ANTENNA SUBSYSTEM 
Orbiter 


The orbiter spacecraft uses a mechanically despun parabolic re- 
flector antenna for high gain and two broad -beam antennas to provide 
essentially spherical coverage. Table 5-7 summarizes the performance 
of these antennas. 

The parabolic reflector has been selected because of its low 
weight, design/implementation simplicity, low technical risk and low- 
level development required. An electronically despun array would have 
been heavier, more complex and had higher technical risk. A mechani- 
cally despun array is costly due to complexity. The high gain antenna is 
a focal point fed reflector based on a flight-proved communication antenna 
of the Intelsat IV program. The antenna circuit losses consist of the loss 
in the rotary joint, the feed line from the rotary joint to the feed, and 
the ohmic loss of the feed. The aperture efficiency loss is due to the 
effects of the aperture taper, reflector surface tolerance, aperture 
blockage, spill-over and feed location tolerance. 

i 

The reflector is constructed of 0.95 cm (3/8 in.) expanded aluminun. 
honeycomb core sandwiched between two layers of 0.25 cm (0.01 iw« ) ^oxy 
fiberglass cloth facesheets. Aluminum foil 0.0025 cm (I mil) thick is bonded to 
the front surface of the reflector to prov ide a continuous highly reflective 
surface. The dish is fastened in the bac» to a mounting flange. The feed is 
a conical horni pro be ~ excited to produce right-hand circular pola^zation. 

The conical horn is selected over other candidate feeds, because these 
antennas provide good axial ratio of the secondary pattern, have high 
efficiency and low backlobe radiation. 

A conical log spiral and a slotted cone antenna were used in com- 
bination to provide spherical coverage. These antennas have been selected 
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on the ba«i« of coverasc/spacuH rafl, inte rf. r. nr.-, rvrvor 

wcichl:. Tlu- .slattnd ton.- is tin- same antenna tJesifjn us.'tl on the Surveyor 
anat-cH-raft. It pruvitl.^s iK-tler ilian hemi-spln ri. al t overage aiuJ thej efo e 
locate.! abovt- Uu^ r.-nector antenna to ^ive it a wi.le unobstmeted view 
angle. TIu- conical log spiral is «). -signed to fill m tiu- partial 
not covered by th.. Surveyor-omm patt.-rn. The conical log spipl^cooaist. 
of a conducting ribbon wound on an apo-y tiberglass contu 1 able i-o 
summarizes the orbiter ant.mna subsyst.mi paranu-t.-rs. 

As seen from the spacecraft configuration, J-2. the lop 

conical spiral omni is spinning with the spat;tn raft. ^ convenient 

omni mounted above the high gain antenna 

to mount it in that manner, than on a separate spacecraft body fixed mast. 

On the probe bus spacecraft, the location, of the two wide 

antennas is reversed from that on the orbiter to minimize obstruction/ 

shadowing by the spacecraft body/ structure. 

Probe Bus 

The probe bus antenna assembly includes the deployabl^ 
medium gain conical horn and the omnidirectionf.l antennas. Table 5-9 
is a listing of the performance characteristics of the probe bus antenna 

assembly. 

The bicone antenna gives an omindirectional coverage in the spin 
plane w.th a half power beamwidth of 30 deg. ^he spin axis. The 

net gain is not less than 3 dB. A similar antenna has been built and 
tested at a higher frequency verifying the characteristics of the bicone 
antenna. The circular flared region is excited by a ring of crossed 
dumbbell slots located on the circumference of the circular waveguide 

feedline. 

The bicone antenna is retracted during launch and is deployed after 
separation. The deployment mechanism is electromecnamcal. 
mXable joint is required. A length of flexible coaxial cable provides the 

extendable rf connection. 

The medium gain antenna is a circularly polarized conical horn 
with a polarUer and a transition from rectangular to circular waveguide. 
Endfire radiators were considered but rejected, because such an antenna 

would have to be mounted away from the vehicle to ^ange 

the radiator. A flat array is complex and becomes inetficient in this g^ 
o5 gain Thi. horn is a frequency scaled version of the earth coverage horn 

used on Intelsat IV. 

The omnidirectional antennas arc the satm design as used on the 
orbiter spacecraft. 




TABT.E ORHn'KH ,SJ'ACECHAFT ANTENNA ASSEMBLY 

DETAIL OF PFRFOUMANCE PARAMETERS 




l*oIari?;at mn 


IV'UK uprrturr lsud 


Circuit lo?i:s(Ls ]jnr 

an<J rot ary joMif ) 

Apj rturo rlfU it iK y Ifj.ss 
'rota) loHS(';S 


Not peak jrain 


BramwicUti 


Weight 


High gain antenna a ss emhly 
(re flector) ”** 


Feed support 
B'eed line 


Suljtni al 


Wide -an«ale omnidirectiongl 
antenna assembly (slotted cone ) 


Antenna 


Feed lin<' 


Subtotal 


Rotary joint (carried under de.spin 
bearing weight ) 


Nar row «» angle omnidir eet i nna 1 
antenna as s embly (conic a 1 Jrj g 
spiral * — — * 


Antenna 


Feed line 


Support 


Still! fjtal 


Mi rte. o >ot n p ( > n e n t h 


Notch tiltc'T 


('i r( ulator 


Switch. SPl) f 


Subtot a) 


t> « m . h in. ) diamrtt‘i‘ 


I i ecu tar. axial ratify ^ <11’> 


2n.4 i[\\ 
-0. b dl^ 
-a. 4 <\n 


4 dH 


0. 77 kg (1. 7 lb) 


0. 18 kg (0.4 lb) 
i). 18 kg (0. 4 lb) 
0. 27 kg b lb) 


0. 18 kg (0.4 lb) 
0. 00 Eg (0. 2 lb) 


0. 3h kg (0.8 111) 


0. 4^. ku (1. 0 lb) 


0. 11 kg (0. i 11)) 


0.0'» kg (0.2 kg) 




23.A dB 


1. 4 kg (3. 1 lb) 


0. 27 kg (0. h lb) 


0. 04b kg (0. I lb) 
O.Oo kg (0. 2 lb) 
0. 04 b ke (0. 1 Ig) 


0. 18 kg (0.4 lb) 




1. H > kg (b. lb) 
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Large Probe 


The antenna on the large px*obe is a planar four-arm equiangular 
spiral, similar in design principle to the conical log spiral used to provide 
near hemispherical coverage. By feeding the four spiral arms in phase, 
a near hemispherical pattern results. When a 180 deg. phase change is 
created between adjacent arms, a conical pattern results with the pattern 
peak occuring at 50 t 15 deg. The angle of maximum gain is a function of 
the ground plane and spiral growth rate. The characteristics of the spiral 
antenna designed for the large probe are given in Table 5-10. The antenna 
consists of a circular cavity closed off at one end by the spiral circuit and 
at the other end by the one-to-four port hybrid feed network. The cavity 
is filled with high-temperature foam to give support to the spiral circuit 
against high pressure loading. 

Small Probe 


The antenna for the small probe is a loop-vee radiator chosen 
because of its small size, low weight and good pattern performance. Its 
characteristics are given in Table 5-10. The antenna consists of four 
inclined monopoles each feeding to a quadrant of a horizontal loop. The 
antenna is very simple in construction and suitable for operation in adverse 
environments since only a conductor material is used in the construction of 
the radiator. 



6. ATLAS/CENTAUR BASELINE 


The criteria for selecting the communication system components for 
the Atlas/Centaur baseline were based on achieving the lowest possible cost, 
since unlike the Thor/Delta design, weight was not as serious a constraint. 
Also, the Atlas/Centaur baseline reflects changes in the subsystem require- 
ments up to the present writing. The greatest possible design commonality 
between the orbiter, probe bus, large probe, and small probe was imple- 
mented. In addition, most of the component hardware was directly derived 
from other space programs as shown in Table 6-1. Note that the only com- 
pletely "new" hardware items are the stable oscillator and the probe antennas. 

Changes between the Thor/Delta baseline described in Section 5 and 
the Atlas/Centaur baseline described in this section are due to four factors. 

The first is, of course, the change in launch vehicle from Thor/Delta to 
Atlas/Centaur. The second factor is the change of mission set. This change 
impacted the design of the communications subsystems for the multiprobe 
mission since the communications ranges at the mission critical events were 
changed. A third factor is the new nominal science payload associated with 
the new mission set. Changes in scientific 'lata return requirements directly 
affect communications subsystems sizing. The addition of an X-band capa- 
bility to the orbiter for the dual frequency occultation experiment had a signifi- 
cant effect upon several orbiter subsystems, especially antenna, rf, attitude 
control, and spacecraft ci^nfiguration. The final factor is normal design evolu- 
tion« Xhft Atlas /C6 nt^ux* spacccreift design reflected in this section is a later 
design than the Thor/Delta design discussed in section 5. Thus, design improve 
ments that were not included in section 5 are discussed in this section. The 
Atlas/Centaur design w'hich is the same time-wis-. as the Thor/Delta design 
of section 5, is given in the Launch Vehicle Utilization Study, Volume 11 of this 
report, 'lable 6-2 lists the differences between the designs of sections 5 and 
6, and ascribes each difference to one or more of the four factors discussed 
above. 


A major trade study unique to the latest science package was the imple- 
mentation of the dual frequency occultation experiment which is discussed in 
section 6.1. The communications system is divided into the radio frequency 
subsystem and the antenna subsystem. Details on the design of these subsystem 
is given in sections 6.2, and 6. 3. 



TABLE 6-1. ATLAS/CENTAUB BASELINE COMMUNICATIONS HARDWARE DERI\ATION 
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REPRODUCIWLlTY Of THE ORIGINAL PAG^ IS POOR. 



'^^’^^Vhor/delta^an^^^ 


OUfcrence 


ToT-'onwi'r ampU£icr imitfl and changes 

Ipvolft . 

Elimination of low power (Iw) mode in power 
amplifier units. 

Elimination of separate preamplifier. Simplification 

of diplexer . 

S."''cSnre fr"'m d%Joyed''ioTixed'Intenna! 
switching and filtering • 

Addition of X band horn dual channel rotatr.e joint 
and X band transmitter to orbitcr. 

Orbiter normal RF power changed from 5 to 10 W 
rSmerS for^?eSU5.‘"As/oTrated switching 
chances . 

Probe antennas changed to provide hemispher.c 
coverage with common antenna. 


F.ictor.! Determining Differen ce 

Tlim^h'^hTFiT'^h^^r^cn 
change. Design evolution (use of existing 
equipment) 

Design ovohition (cost savings) 

Design evolution (cost savings) 
l.nunch vehicle change 

Follows from elimination of separate preamplifi 
Science requirement change 

Science requirement change. Design evolution 
i^ERP versus data shortage considerations) 

Mission set chance. Design evolution 
l.-ommonality. reliable coverage) 
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DwAi. FREQUENCY OCCULTATION IMPLEMENTATION TRADE 


configurluor/or tfe ort«tr"vvlt tjrl" *“»‘'/C<=ntaur communications 

the /band oapabUityToV tVo n ‘^00^*”* 

on the systems aspects of the selertinn <5 k discussion will focus 

cussed in sectionsTz and bfi! Subsystem design factors will be dis- 

occultation experim^t^durtng the i^nitfa/ Ea^rth ^ radio 

at Venus. The frequencies ar. s Lu occultation season after arrival 

X.band (an rf sy^^^tebe add^ 

periment). Requirements for this Kp^ime^t are ^ occultation ex- 


1 ) 

3) 


4) 


5) 

6) 
7) 


The S - and X-band links must be capable of simultaneous operation. 
The two links must be compatible with DSN capabilities. 

fo dt ^Tder.'?^"’:d:^''-“°"= - - 

day.) .. dosirad ( 3 dB more ERP ). Howevarnater irthrsa^son 
Lonf ‘=“"’P>‘«taO by the eclipse, that oc^ar during LcSTt’a- 

communica, a, moLs coherent and noncoherent S-band 

?orVotf Units!"' «"■ 

mtntt! ” “‘bnnas will be used for all occulta on measure- 


mmmar^sLun TaWe'bfa'!*’ ‘be above requirements are 

Which h'as":n\^n".hm:s';rERp':£V3 5''dBS"cf;'’“^';^”“'’‘•^*“°"= 
q„lrc„.ent 30 deg refr^c.ivc"r„:fe^';f ttfen-d^'r Uc^uUa?^ ‘s^S 
Rin steered in two dimensions to track the virtual earth 


TABLE ^,-3. ERP REQUIREMENTS 


Days on 
Orbit 

Link Loss, dB 
Including DSN 
Antenna Gain 

ERP (dB) for 10 deg 
Refractive Angle 
28 dB Refractive 
Defocusing Loss 

ERP (dB) for 20 deg 
Refractive Angle 
40 dB Refractive 
Defocusing Los.s 


2295 MHz 

8415 MHz 

2295 MHz 8415 MHz 

229S 1 1; 

0 

192 

194 

42 

44 

54 

* -V avx 1, x/ti 

56 

40 

197 

199 

47 

49 

59 

61 

72 

200 

202 

50 

62 

62 

64 


TK« f X-band signal, three possible implementations were considered 

The first used a separate despun X-band horn with a beamwidth of 20 Se^ whi;;. 

suttSERPrt .o ' 

virtual earth up to refractive angles of 20 deg as the spacLraft ent, rl and 

fee?on T “‘"'“'k' was to provide a dual frequent 

feed on a nongimballed orbiter HFA and precess the spacecraft to tracrih/ 

virtual earth. This requires the X-band beam be spoiLd because Jrresult- 
in spacecraft attitude is of the same order as thr.t-^aef 
IGA beamwidt.. at X-band. Another approach not considered in the 
trade would be to provide a toroidal pattern at X-band in the spin plane Thi« 
was juaged to be inefficient use of power and was not pursued further. 

Th^ ^ ^ summary of the three configurations traded is given as Table 6-4. 

/h n these schemes is given in fable 6-5. The costs 

X^banTci^a^flityr'''*^ ' increases over the orbiter without 


The scheme with the gimballed reflector provides the best science 
c yerage by far. It can be used for refractive angles up to 20 deg provided the 

?nn 2 W to 72 days) is avilable. The 

.00 mW transmitter included in Table 6-4 provides coverage throuXu^ the 

occultation season to refractive angles of 10 deg. It takes ^11 advantage of the 
de.spun nature of the orbiter HGA and allows tracking the virtual earth tith tho 

scheme is the most expensive in both dollars and mas- 
failsafe scheme to return the elevation scan to its rest position in case of 

V,‘,!umc““ ' -’“-‘B" considcrud arc given i„ 



TABLE 6-4. DUAL FREQUENCY OCCULTATION TRADES 





TABLE 6-5. MASS AND COST INCREASES FOR A DUAL FREQUENCY 



(electronics) ^ (C. 10)( 0. 2) ; J 

Experiment contingency 0. 68 ( 1.5) — 1. 09 ( 2.4) — 1. 00 ( 2. 2) ^ — 

( 15 percent) 

Totals 5.26 (11.6) 750 8.40 (18.5) 1020 7.67 (16.9) 770 





A separate dospun X band horn provides r.overaqc to refractive angles 
of 10 deg. However, the bcan» boresight is not pointed toward the virtual 
earth but rather this scheme relies on the antenna gain at beam edge. 

Because of the nature of the S band beam this scheme cannot bo extended to 
greater refractive angles. In fact, because 10® corresponds to a point far 
down on the gain slope (-10 dB) of the S band antenna, the high rate of change 
of gain with angle will make data reduction extremely difficult. 2.8 W of X 
band pov/cr is required. Table 6-4 refers to an existing 3.3 VV TWTA. The 
cost in both mass and dollars is least of the three schemes and since the 
spacecraft or anything on the spacecraft does not move during the occultation, 
it is the most reliable scheme. 

Precession of the spacecraft to keep the antenna virtual earth 
oriented can be implemented. A discussion of this is given in Volume 9 
of this report. This scheme can operate to refractive angles of 20 deg. 
provided enough fuel is provided. Again, Table 6-4 refers to an existing 
TWTA which satisfies the ERP requirements. The costs are intermediate 
between the other schemes considered, but this scheme presents problems 
to other science because of the attitude uncertainties it introduces. It also 
increu.ses the thruster pulses required and severely impacts mission opera- 
tions. Precession could be used in conjunction with the separate despun 
X band horn discussed above to extend the refractive angle coverage of the 
separate horn scheme. 

Based on cost, weight, reliability, and operational simplicity the 
separate despun X band horn is selected as the baseline implementation. 
However, it is recognized that the gimballed reflector implementation 
provides a scientifically more attractive experiment at a relatively modest 
increase in cost and takes maximum advantage of the features of the mechani- 
cally despun HGA. Combining the orbiter radar altimeter and the S/X band 
occultation experiment in a single dual frequency HGA witli two-dimensional 
steering deserves further consideration when total costs can be evaluated by 
NASA. 


To meet the requirements of this selected implementation, the sub- 
systems must provide 49 dBm X band ERP at 10 deg. from the antenna bore- 
sight. This provides coverage to 10 deg. refractive angle to 40 days on orbit. 
The X band antenna should be separate, despun, boresighted with the orbiter 
HGA, and have a. beamwidth of 20 deg. and a gain of 17.5 dB (on boresight). 
The transmitted rf power at X band should be sufficient to meet the ERP 
requirement stated previously. 


6.2 RADIO FUKQUKNCY SUBSY.STKM 


Bus 

TIh' block dia}>ratn of the protie bus rl subi.ystcrn and its inlerconner- 
tion with the antenna subsystem is shov/n in Figure h-l. The basic topology 
is essentially tlte same as tliat in the Thor /Delta with a pair of redundant 
transponders, two power avopUfiers, transmit filtering, and rf switching 
and summing to connect a power amplifier output or the? summed output of 
both amplifjt;r to the four antennas. The main diffcu’enc cs are pow'er amplj- 
fier \mits witli higher outpvit levels and the eUmination of separate rf pro- 
amplification aliead of the transpond(^r receiver. There is no change in Uie 
rf switching arrt. gement. 

Ad('quat e margin in the command link was availal)le with the availal)le 
sensitivity of the Philco Ford Viking transponder that had been selected for 
the baseline so that the preamplifier was unnecessary. The transponder 
includes rf filtering in its input so that separate filtering in the diplexer also 
is unnecessary. As a result, the diplexer is simidified to onF a circulator 
for coupling transmitter and receiver to an omni antenna, 

A power amplifier unit composed of components currently under 
development on anotlicr space program at Huglies, HS-350, has been 
incorporated in the baseline design. Each power amplifier unit includes 
a three stage driver module, a driver output isolator, and a hybrid coupled 
output stage utilizing two MSC 3005 transistors. An output isolator and dc 
regulator also is included in the output stage tnodulc. 

The amplifier provides 9 w output with a gain of 2 6. 5 db. Although 
the mass cf the power amplifier unit is nt.arly double that of the unit pro- 
posed for the Tlior/Delta baseline, the savings in development cost and the 
reduced development risk in achieving llie required power output justifies 
the baseline change', 

A small increase in output power is required on tiie probe bus as a 
result ofsligiitly longer RP' calilcs in the Atlas / Centaur spacecraft design. 
However, the significantly higlicr power h;\ el is provided to allow greater 
operational ili .sihility and to permit use of identical power amplifier units 
on tlio crbitc'r and large probe systems where the full increase in pow’or is 
needed to meet increased data requirements. Table 6-6 lists the power, 
mass, and si/e of the various components of the probe bus rf subsystem, 

Orbite r 


Tin- block diagram of tiie communication subsystem for the orbitcr 
spacecraft is slio\\n in Fjguiu' 6-2, 

r>,.( «'|)t for nniqiu' fum lions that re(iuire differc'nt components sucli 
as an X liand transmitter and a dual ehannel RF rotary Joint, the subsystem 
iitili/es till' Stiiiie basic components that are nsec) on tlie probe bus, '.('Ik' 
e.oniponeiit layouts lor the orliitcr and probe lius also will be made to lie as 
close to idenlieal as jiossible. 
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TABLE 6-6. RF SUBSYSTEM - PROBE BUS 
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The changes from the Thor/Delta baseline, described in^Section 5, 
include the elimination of separate preamplifiers 

diolexer as in the case of the probe bus subsystem. The reduction m sensi 
tivitv and redefined orbiter mission requirements results m a need to receive 
as well as tra^^^^^^^ through the high gain antenna. As a result the switching 
arrangement on the despun portion of the subsystem is revised with a single 
SPDT^switch connecting the RF line to either the high gain or omni antenna. 
Th?LLh mterrs eliminated, since the uplink signal must pass through the 
switched line. Sufficient isolation is provided by the switch to prevent inte. 
ference between the two antenna patterns. 

The power amplifier unit output level is increased to 9 w using t^ 
same unit described for the probe bus. The high power mode, about 10 w 
at the antenna terminals, uses a pair of amplifier units operating in P^^a e . 
Ilstm operation has bain changed such that this is now the 
operation instead of the single amplifier mode. As a consequence, it is 
nLessary to provide two additional power amplifier units to serve as 
?edunLn? units to the two in operation. All four ampUfters are drwen 
through hybrid circuits to allow independent selection of amplifier A or P 
for operation with either C or D. Following the reciundancy selection switch, 
the sfgnal paths are the same as in the Thor /Delta hascaine, except for the 
elimination of a transfer switch between the two low power output lines* 

In the new confieuration. there are two amplifiers available Jeed each o 
these lines, one of whii h goes to the spinning omm and the other to the high 
gain or despun omni. Thus, each output is fully redundantly driven and the 
transfer switch is no longer necessary. 

An X band transmitter, dual channel (S and X band) rotary joint and 
a separate despun X band horn antenna have been added 
systems for the dual frequency occultation experiment. The 3 
transmitter shovfn in Figure 6-3 consists of a 

Qualified TWTA. The rotary joint is a concentric coaxial line design with 
the X band signal being carried on the inner coaxial line. This resu s m 
the least impart on the performance of the S band link w-ith the loss increased 

by only 0.1 dB. 

Table 6-7 summarises the power, mass, and sisc of the components 
in the orbiter spacecraft Rl" sutasystern. 


Large Probe 


Figure 6-4 shows a block diagram of the rf .subsystem for the large^ 
The f oufiguraliou has been extensively ••ovist.d from tnat describee. 


probe. The f ..nfiguraliou has been extensively reviserl ironi mat oes , 

for th- Thor/Delta ba.seline. As in the case of the spacer rat 
separate receive filter and preamplifier have been elmunated ^ 
sensitivity of the Viking transponder provides adequate margin foi Uu uplink. 

Thi? tran.smit.ter portion is revised to provide 'uaily flR highci »utf»u 
level This in< reaso is flue primarily to an im rease in aiitenna coverage 
diTt-eased gain). To achieve this, three output stage modules of Uie identieal 

llt.iin a. lHu in thu .lw.,l,.r.l 9 W p..««r .m,.lifi.-r umt «.v ••!>.• rat«d 
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A REF 
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l-BAND TRANSMITTER 




35.2 ciBm 


RF OUTPUT 
8.415 QH2 
34. B dBm 
(3w) 


(3.3w) 


FIGURE 6-3 X BAND TRANSMITTER 
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in paralieL The modules are completely package units, since they are 
separately mounted in their present application on the HS-350 satellite system. 
They each include regulators and output isolators to provider stable operation 
under possible adverse loading conditions during testing. The output ampli- 
fiers are driven through a 3 way quarter-wave transmission line divider by a 
complete power amplifier unit. The outputs of the amplifiers are recombined 
by another identical 3 way transmission line circuit operated in reverse to 
provide the summing function. The summer and dividers are similar to space 
qualified units that provide 16 and 6 way summing at UHF on the TACSAT and 
communications equipment (HS-318) subsystems. 

Since common hardware is used, a miniature coaxial attenuator is in- 
serted in the output line from the transponder to the input of the power am* li- 
fier unit. This compensates for the hybrid losses which are incurred on the 
spacecraft subsystems. 

Table 6-8 lists the power, mass, and sizes of the components of the 
large probe rf subsystem. The three modules of the power amplifier unit 
(driver, isolator, output amplifier) are listed separately to allow flexibility in 
the layout of equipment within the unusual constraints of the probe package. 
However, they wil) be tested as a unit with the appropriate interconnecting 
cables. 

Small Probe 


Figure 6-5 shows the block diagram of the small probe rf subsystem. 
The configuration is the same as that for the Thor/Delta baseline, except for 
the change in power amplifier. In the new baseline, the standard 9 W amplifier 
unit is used. As in the large probe, there is flexibility in mounting the three 
modules that comprise the unit. The power, mass, and size of all the com- 
ponents are listed in Table 6-9* 

6. 3 ANTENNA SUBSYSTEM DESCRIPTION 


The antennas on the orbiter, probe bus, and the large and small pi obes 
have been selected and designed on the basis of the gain and t overage require- 
ments summai’ized in Table 6-10. 

Probe Bus Antenna Subsystem 


Four antennas are provifled on the prol)c' bus as shown in Figure 6-tu 
The int(* rc'onm'ction of tlie antennas with the rf subsysti'm is des^^ ribed in 
sec tio?i t’. 1. rhe antennas ha\ i* bc'en c iu)sc>r* on tiic' basis of commonality and 
off-the-shelf availaidlity to lowi^r the' c'ost and meet Ihv performance* require:- 
ments. The* location of the* antennas on the spac cu raft is go\erned iiv the* radia- 
tion pattern shape and the spacen i*aft structure to avoici deyg racial i on of c o\*c‘ragc‘ 
in the* dcAvn and uj) l»nks durimz all phase’s of the mission, 

A log-conic al aiid a slott eci-( ( »ne o?n n idi ree l i oual antc*nna, buatc'd nw 
(Opposite* <!iids of the’ spac ec. I’afl, are* ( onnee Ic’d to serial atc' reeeivc'rs and 
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TABLE 6-9. RF SUBSYSTEM - SMALL PROBE 
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FIGURE 6-5. SMALL PROBE RF SUBSYSTEM 
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TABLE 6-10. ANTENNA REQUIREMENTS 
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TAfiLE 6-11. PROBE BUS ANTENNA PERFORMANCE SUMMARY 
(ATLAS/CENTAUR CONFIGURATION) 

































Iranamittc! rs so as to provide nearly spherieal coverage at all titnea. A bicorie 
antenna assembly provides directional co'^erage in the spin plane with a gain 
of 6. 0 dB on beam axis. Thu turodial pattern shape makes it unnecessary to 


despin tin! antenna. A medium gain horn radiator is used during probe bus 
entry when the earth line and the spacecraft spin axis are coincident. The 
horn radiator provides a gain of 18 dB with a 10 deg half-power beamwidtn. 
The two omnidirectional antennas and the horn are not changed from the Ihor 
Delta baseline. The ijieone design is revised tc increase the gam by i , 

The characteristics of the probe bus antc-nnas are summarised in Table o-ll. 


/ 


The bicono antenna assembly is based on an existing design, siiuwn in 
Figure 6-7. Two identical bicones are stacked and arrayed to achieve a peak 
gain of 6 dBi in the spin plane. The maximum allowable dimensions of the 
bicone assembly envelope based on c;urrently available spacec raft tipoff rates 
and on a 4. 3 cm (worst case) clearance between the antenna and the adapter 
during separation are given in Figure 6-8. A single bicone cannot provide the 
6. 0 uBi gain within the constraints of this envelope (Figure 6-9) because phase 
errors limit the gain of a large single bicone. Thus, two stacked bicones 
were selected. 


Each bicone consists of a short circular waveguide feedline that cmds 
in a coaxial to waveguide transition at one end and a c- lindrical feed cavity 
excited in the TMqi mode at the other. Eight equally spaced crossed slots 
are muchiner’ into the outer wall of the feed cavity. The slots setup the 
orthogonal modes, TEq. and TEM in the flared radiation region. The flare 
angle'^of the bicone and the characteristics of the crossed slots are used to 
bring the two modal fields into time quadrature and equal amplitude to provide 
right-hand c:ircular polariiiat ion. 

OrV:)iter Antenna Assembly 

The antenna assembly on the orbiter spacecraft, p'igure 6-10, includes 
the high gain parabolic reflec tor, the X band horn for the science experiment, 
and two wide angle coverage, low gain antennas. The latter two are identical 
in design to those used on the probe bus and are unchanged from the thor/ 
Delta baseline. The high gain antenna is meehanically despun so that the mam 
beam is pointed tow ard' earth. The design of the high gain antenna also is not 
changed from the Thor/Dclta design. The X band medium gain antenna also is 
not c hanged from the Tiior/Delta design. The X band medium gam antenna 
has been added to ac c ommodate the occ ulti lion experiment, It is a conical 
horn designed to operate at a freciuency of 8.4B GH/.. The nominal gain and 
3 dB beamwidth are 17. 9 dB and ZO deg, respectively. The X-bano antenna 
assembly consist.s of the conic al horn aperture, pulariner and wavegume 
transformer. All componunls are based on the designs used in the manufac - 
lure of the global c overage c onical horns for the Intelsat IV program. I hose 
horns were operated in the frequency bands of 4 and 6 GHz. 1 he horn aper- 
ture dimension of IZ. 7 cm is govunied by the gain and beamwidth require- 
ments. The overall length of Z1.6 cm is confrolled by tiui length of the horn 
itself, the polari/.er and the waveguide transformer. The polarizer is a sim- 
plified version of the Intelsat IV design, bee auHc> of the reduced bandwidth 
requirenumt of tin.; X-band jiolari/.er. 
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FIGURE 6*8. MAXIMUM BICONE DIMENSIONS TO AVOID SHROUD DURING 
SEPARATION 
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Overall characteristics of the orbiter antennas are summariaed in 
Table 6-12. 

Probe Antennas 


The antennas on the large and small probes are required to provide 
hemispherical coverage with a gain of 0 dBi in the horizontal probe plane and 
peak gain at 60 to 65 deg off axis. Several candidate antennas that have been 
considered for the /tlas/Centaur baseline are tabulated in Table 6-13. 

A candidate is the slotted cone radiatoT which would be identical to 
the omnidirectional antenna used on the orbiter spacecraft of the probe bus. 
However, its gain is several dB below isotropic at 90 deg off axis. Other- 
wise it would be well suited for the application, since it is lightweight and 
small. The conical log spiral can provide coverage in the horizon plane 
similar to the curved turnstile radiator. However, it has to extend higher 
above the probe shell. Also, it is heavier by a factor of two. It is not con- 
sidered the prime candidate. Even though it is the same type of antenna as 
used in the omnidirectional antenna assembly on the orbiter spacecraft and 
the probe bus, the antenna for the probe would have to be designed using 
different parameters such as a different spiral rate. 

The selected baseline for both probes is the curved turnstile which is 
shown in Figure 6-11. It is similar to the slotted cone radiator in that both 
use a cross dipole. The design is that of a crossed dipole radiator. By 
proper phasing and downward bending of the orthogonal dipole arms, the 
normal dipole pattern can be perturbed sufficiently to provide nominally 
0 dBi at 90 deg off axis and maximum g.iin at angles of 60 to 65 deg off axis. 
The circularly polarized radiation can be achieved by feeding the two crossed 
dipoles in equal amplitude and 90 deg out of phase by using a quadrature 
hybrid. Or the hybrid can be omitted and the circular polarization achieved 
by having the two dipoles unequal length but keeping the length-versus - 
diameter ratios of the two dipole arms equal. The quadrature hybrid feed is 
preferred, because several design iterations would be expected with the 
unequal length dipo’es to achieve the desired result. A loss of 0. 1 to 0. 2 dB 
is expected due to the quadrature hybrid. 
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TABLE 6-13. CANDIDATE PROBE ANTENNAS 


Antenna 

Minimum Gain 
Over 

Hemisphere, 

dBi 

Approximate 
Dimensions of 
Envelope, 
cm (in. ) 

Slotted cone radiator 

-4.0 ±1.0 

Height 

Diameter 

5. 1 
12. 7 

(2. 0) 
(5.0) 

Curved turnstile 

0. 0 ± 0. 5 

Height 

Diameter 

5. 1 
12. 7 

(2.0) 
(5. 0) 

Conical log spiral 

0. 0 ± 0. 5 

Height 

Diameter 

11. 5 
11. 5 

(4. 5) 
(4.5) 



FIGURE 6-1 1. CURVED TURNSTILE ANTENNA MODEL 










